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van het dekkmma-project. Daarna kreeg ik de kans om met Ignace Dekeyser samen te 

werken, en mijn inzichten met zijn kritische kijk te verrijken. Momenteel is Rémi Jadinon 

mijn vast aanspreekpunt, die als jonge kracht wellicht nog jaren mijn pad zal kruisen.  

 

Ook wil ik mijn collega onderzoekers danken, zij vormen de zuil van mijn onderzoek, en als 
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Ik wil jullie allemaal danken!  
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tips bij software, en zijn doorzettingsvermogen. Hoog tijd om weer wat meer samen te 
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Een speciaal dankwoordje aan mijn reisgenoten doorheen de vele jaren conferenties. 
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Voorwoord  

Dagen druppelen, weken glijden, maanden miezeren maar jaren glippen, en als je dan 

uiteindelijk een inleiding moet schrijven, dien je je terug in de tijd verplaatsen. Terug 

naar af. Waar het begon. Waar het begon? Net afgestudeerd aan de Universiteit Gent, 

sprong een vacature in het oog. De briefwisseling van Louis De Meester, componist en 

mede-oprichter van het IPEM, werd gedigitaliseerd, hetgeen diende te resulteren in een 

uitgave van de handgeschreven monologen en dialogen van Louis De Meester met 

menig componist die de 20e eeuw kleurden, serieel, spectraal, en elektronisch. De 

sollicitatie verliep vlot, maar jurylid Prof. Dr. Marc Leman haalde een ander project uit 

de hoed: wetenschappelijk medewerker in een groot digitaliseringsproject met het 

Afrikamuseum in Brussel. Een vierjarig project, met de mogelijkheid om te combineren 

met m‖n deeltijdse studie Compositie aan de Hogeschool Gent. Het project behelsde de 

digitalisering van het klankarchief, dat wereldvermaard is voor de regio Centraal-Afrika. 

Eens aangevat leek de dagelijkse bezigheid met de Afrikaanse muziek intrusief op me in 

te werken, en stilaan sijpelde dat door in kleine klankexperimentjes in mijn composities. 

Het werd een thema voor mijn eindproject, waarin klank als sample de basis was voor 

hedendaags experiment. Uiteindelijk werd dit de springplank voor het onderwerp van 

mijn doctoraat, met de oorspronkelijke titel: Theoretisch en artistiek onderzoek naar de 

symbiose van Westerse en niet-Westerse muzikale idiomen. De muziek van Centraal-

Afrika bleef centraal staan, mijn positie als componist-musicoloog stuurde zowel mijn 

onderzoeksvraag als methode. Enerzijds vertrok ik als wetenschapper met het vraagstuk 

Centraal-Afrikaanse muziek te analyseren met computationele technieken, een 

noodzakelijkheid die voortvloeide uit de grote hoeveelheid auditief materiaal, maar die 

anderzijds ook eigen is aan de tijdsgeest. Daarnaast is er het interculturele 

spanningsveld waarin je je als componist opgeeft, in mijn geval: een hedendaags, 

voornamelijk klassiek, jargon versus een etnische, oraal overgeleverde muziekcultuur. 

Er bestaan reeds tal van woorden voor, cross-cultural, hybrid culture, fusion… Geen 

definitie nastrevend, wou ik voornamelijk experimenteren met de spanningsboog 

expliciete-impliciete invloed. Verschillende composities werden gecreëerd, met diverse 

technieken. 
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Mijn onderzoek werd geruggensteund door een intern onderzoeksproject waarin het 

computationele draagvlak uitgebouwd werd: Tarsos zag het levenslicht en werd een 

heus softwareplatform om muziek te analyseren. Het is een flexibele, 

gebruiksvriendelijke interface waaraan analysesoftware werd gekoppeld, 

gespecialiseerd in de analyse van toonhoogte,en binnenkort ook segmentatie en tempo. 

Vooral de module toonhoogte bleek vruchtbaar als tool bij het componeren. Tarsos 

werd voorzien van een ―pitch bend‖ optie die de toonhoogte van digitale 

muziekinstrumenten aanpast naar eigen instelling. Een deel van dit doctoraat is dan ook 

het exploreren van microtonale toonschalen, naast de Westerse gelijkzwevende 

stemming. Tarsos kreeg internationaal aandacht op meerdere conferenties, alsook in 

internationale peer-reviewed publicaties. U kan hierover alles terug vinden in het boek 

dat u vastheeft, en dat als mijn doctoraatsthesis werd gepubliceerd: Exploring the 

symbiosis of Western and non-Western music. 
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Introduction 

This doctoral dissertation is result of a research that fascinated me for many years, both 

as scientist and as artist. It has three parts, divided over three books. 

 

Part I gives the reader an insight in my approach, in particular, my research 

questions and their context, the methods that I used, and the obtained scientific and 

artistic results. The dissertation is based on earlier published articles and non-published 

notes. For the articles, I like to refer to the list below. This list of articles serves as a 

reference for this book. The titles of these articles may already reveal my research path 

and the research questions that evolved over the years. 

This dissertation starts with sketching the context of the research, from where the 

problems and concerns arise. In chapter two a general theoretical framework and 

definition is set. Chapter three expounds on the specific issues that concern 

ethnomusicology, especially in the context of a computational approach. Chapter four 

details on the methodologies from the scientific research part, that is focused on tempo 

and pitch. The following chapter presents the results of the research on pitch and 

tempo. Chapter six elaborates on the artistic methodology, followed by the analysis of 

the artistic works in chapter seven. We briefly summarize in the final section, the 

conclusion.  

 

Part II contains all the published articles that resulted from this research. I include 

them here as a reference for details that I don‖t cover in Part I. The articles comprise 

both blind-peer reviewed articles as well as conference proceedings.  

 

Finally, Part III comprises the compositions (scores) that have been written during 

this research. Not all my work, however, is based on a score representation. For the 

electronic pieces, I would suggest to consult the DVD that is included in Part I.  
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Chapter 1 Context and concerns  

The goal of this PhD research was to study the opportunities for exploring ethnic 

musical content with computational tools, with the goal of establishing knowledge that 

could be used in artistic research that would offer new opportunities for Western music 

composition. This exploration encounters different challenges as well as opportunities. 

The challenges concern the accessibility of databases of ethnic music, while the 

opportunities concern the development of techniques that work for this music and that 

can be re-applied in musical composition. In this chapter we sketch the context and the 

concerns for ethnic music archives that formed the starting point for our research. 

Figure 1 contains a schematic overview of the global context onto which this initial 

chapter relates. 

Access to digitized audio archives 

The digitization of ethnic music archives is a challenging but fascinating research topic. 

In the effort to preserve the musical heritage of various cultures, large audio archives 

with ethnic music have been created at several places throughout the world. The advent 

of the digital age, a lack of access facilities, and the deteriorating analogue audio 

carriers, stimulated many archival institutions in taking initiatives to digitize their 

audio collections. The opportunities for storage, backup, accessibility and 

documentation, make digital systems particularly well-suited for the preservation of 

cultural heritage. Unlike the playback of analogue audio, playback of digital audio does 

not harm the carrier, and the number of copies cannot be exhausted. Currently, many 

audio archives have digitized their audio collections and metadata, and this enables the 

next challenge, namely, to make the digital audio archives more accessible for 

researchers and general audiences. However, this appeared to be quite a difficult 

challenge containing many problems and pitfalls.  

In a physical sense, an item becomes easier accessible because its playback is fast, 

easy and the manipulations do not harm the carrier. Yet, accessibility is also a matter of 

being able to reach the searched item, using a predefined search path. It is precisely this 

search path, and thus the access the wanted item, where the problem is situated. The 
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problem has multiple dimensions. Firstly, to retrieve what a user wants to find, depends 

on the qualities of the database, its interface, and its browsing options. Secondly, the 

digitized media around us have created such a huge amount of material that it has 

become a challenge to really find what one needs. Thirdly, most audio archives have a 

modest amount of contextual metadata (this is the information on the accompanying 

index card), and only a little musical content data (this is musical description) which 

undermines specific queries.  

Given these issues, it becomes immediately clear that ethnic music encounters 

challenging problems, especially when the available metadata for ethnic music does not 

fit the typical (Western) databases framework, or when Western music concepts are 

applied to ethnic music. Typically, a lot of the metadata descriptions of ethnic music 

recordings are not standardized, and therefore they are problematical in a database. 

The importance of complete and correct metadata and musical content from a digitized 

audio object is not be underestimated. It is the key to its retrievability, without 

threatens oblivion in a mass of objects. 

Opportunities offered by computational musicology 

Computational methods offer several opportunities to study music and music databases. 

They are related to the techniques for musical audio-mining, MIR and bridging the 

semantic gap. 

So-called ―audio-mining‖ techniques aim to extract the content-based descriptions 

directly from the (digital) musical audio files. These techniques are based on low-level 

feature extraction and classification into higher-level descriptors that can be easier 

accessed by the human mind. Low-level features are non-contextual signal-based 

information from the acoustical domain such as spectrum, frequency, duration and 

energy. A higher level contains symbolic musical content-description focusing on 

aspects such as timbre, pitch, melody, rhythm and tempo, and the highest level is about 

expressive, perceptual contextual interpretations that typically focus on factors related 

to movement, emotional, semantic, or corporeal descriptors (Lesaffre et al., 2004; 

Lesaffre, 2006; Leman, 2007). Usually, the audio-mining techniques are used in the 

delivery of descriptions for large sets of audio. The automated approach is time-saving if 

deployed on a collection of audio that is too large to annotate manually. The delivered 

descriptions of such large collections and archives are interesting sources of 

information. In this context, ―data-mining‖ techniques come at hand. This is a 

computational analysis on a large volume of data, using techniques of statistical 

correlation and categorization, in order to find patterns, tendencies, grouping, changes. 
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Figure 1 Schematic overview of research question and work flow. 
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MIR (Music Information Retrieval) is the common term for both audio-mining 

techniques and data-mining techniques. This branch allows the development of new 

query techniques - like searching for similar pieces of music (including the possibility of 

―query-by-example‖, where the user uploads his audio fragment) or the use of semantic 

descriptions (e.g. adjectives relating to emotions or gestures) that are automatically 

connected to the low-level features of the musical content (Leman et al., 2005).  

However, although the techniques for content-based description and retrieval look 

promising, it remains very difficult to get technological success rates that would allow 

practical, real-world applications. There is a huge semantic gap between music as digital 

encoded audio, and the meaning of music. The step from encoded audio to meaning 

involves many aspects of human perception, understanding, and a thorough knowledge 

of the social context of the music which is not easily implemented in a computational 

model. 

The ethnomusicological challenge 

In the context of ethnic music, the situation is complex, both in the handling of 

descriptive metadata and in the delivery of descriptions of musical content. A main 

problem concerns the danger of imposing Western concepts onto non-Western music. 

This can lead to incorrect, incomplete or obsolete information (Schneider, 2008). Most 

music information retrieval research usually focuses on Western music, and uses its 

musical characteristics and semantic descriptions as a standard, and develops tools that 

follow assumptions based on Western cultural concepts. This is problematic if large 

digital archives of ethnic music rely on the use of biased automatic tools to provide 

musical content descriptions.  

Computational Ethnomusicology from this perspective, aims at providing better 

access to ethnic music collections using recent approaches of content-based search and 

retrieval (Tzanetakis, 2007; Cornelis, 2010). This research field has its roots in Western 

Musicology, as well as in Ethnomusicology and Music Information Retrieval. For the 

field of ethnic music, it is still unclear which computational tools for content-based 

analysis can be applied successfully. Therefore it is important to discuss the reasons 

why existing techniques fail and what strategies are required to improve computational 

analysis. Different approaches will be needed for individual analysis of one song, or for 

the automated analyses of a large set of songs. Given the diversity and oral character of 

ethnic music, Computational Ethnomusicology faces many challenges.  

One ambition of this PhD research was to find, test, evaluate and adapt existing MIR 

tools for ethnic music. In this research, we have used existing beat tracking and tempo 

extraction tools, typically developed and tested on Western music, and applied them to 

African music. For tempo this has been done by comparing beat tracker results against a 

set of music that has been manually annotated by humans. For pitch, an independent 
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software interface has been developed using existing pitch extractor software into a 

flexible java environment. The user can see the used pitch classes, (re)build and listen 

any musical scale in a graphical mode, by an interval table, and send it to a digital 

keyboard. These tools thus provide interesting ways of exploring the use of tempo and 

pitch in African music, with possibilities of using this as a basis for explorations in music 

composition. 

However, it is important to be aware that MIR tools need testing and adaptation in 

order to provide correct ethnic musical content. Not only to obtain correct descriptions, 

all the more because music that occupies a more marginal position risks of being 

excluded by biased technology, and will thus become even less accessible in digital 

querying. It would push ―vulnerable‖ music even further into oblivion. 

Artistic explorations 

While the first part of my thesis is devoted to this exploration in MIR, the second part of 

my PhD is devoted to the artistic exploration. However, the scientific and artistic parts 

of my research have always been intertwined. It created a symbioses in which the 

analyses of content descriptions gave inspiration for musical experiment, and 

otherwise, the artistic experiment brought me closer to understand the, in my case, 

Central-African music, which mutually influenced my scientific work.  

Interestingly, in our digital era the connection between art and science is or can be 

stronger than ever before. Our digital world has provided new techniques both for 

scientific analyses and artistic production. Besides the technical opportunities, the 

digitalism also leads to an unseen access and availability of many sources of 

information. Any person, whether artist or not, can find inspiration from anywhere in 

the world digitally encoded and delivered by a single wire. For an artist with an interest 

in ethnicity, the digitization provided a richness in sources and information.  

Although artists are inherently tributary to their interests, such position brings 

forward many questions. Is being ―informed‖ and being aware of the influences a 

requirement for being a good artist? Has the cultural legacy someone wants to use, 

reuse or abuse (who‖s to judge?) to be respected by the artist? Is the artistic result 

dependent on or responsible for this legacy? Is being influenced a sign of respect, or is it 

a burden you have to carry with you as an artist when it comes to accountability? Is 

cultural legacy and the artistic product that is based on it freeware or shareware? And 

do ethnic influences carry more burden than Western influences if Western artists use 

them?  

I am fully aware that my artistic work raises many questions about these topics. For 

my own research, the intense occupation with Central-African music has 

influenced/trickled my artistic idiom, leading to a delicate relationship between this 

music and my own musical works. This delicate relationship comes with a certain Post-
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Colonial sensitivity that asks for an awareness of any (eclectic) action from the part of 

the composer. It is with due respect and admiration of the Central-African music idiom 

that we contribute with scientific results that will make this music more accessible and 

therefore more known and appreciated. My artistic output is a starting point for a rich 

and intensive exploration of a possible symbiosis between Western and non-Western 

musical idioms. 

 

 

 

 

 

 

 

 

 

 

 

The Belgian Royal Museum for Central-Africa 

This dissertation relied on many sound recordings from the Belgian Royal Museum for 

Central-Africa (RMCA, Tervuren, Belgium). This national museum holds a large 

collection of ethnographic artifacts, including a sound archive with music recordings 

and musical instruments. The archive is one of the biggest and best-documented 

archives worldwide for the region of Central Africa. The RMCA preserves 50,000 sound 

recordings (with a total of 3,000 hours of music), dating from the early 20th century up 

to the present day. A recent digitization project has established to conserve this archive 

and make it more accessible to the public. It was funded by the Belgian government who 

provided a grant for a project called DEKKMMA. The project aimed to (i) digitize the 

different types of sound recordings (wax cylinders, sonofil, vinyl recordings and 

magnetic tapes) each with their own specific problems, (ii) construct a database suitable 

for describing different types of music, (iii) explore tools that will allow analysis and 

classification using audio-mining and data-mining techniques, (iv) develop content 

pertaining to the description of musical culture and musical instruments from different 

geographic regions, (v) process audio, photographic and video material from the 

archives and from the museum collections as background information for the audio 

files. The results of this project can be accessed on the website 

http://music.africamuseum.be/ where one can find metadata as well as sound excerpts 

and accompanying documentation such as descriptions of musical instruments.  
 

http://music.africamuseum.be/
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Chapter 2 General framework 

In this chapter we present the general framework of our approach to ethnic music. This 

framework is based on an existing taxonomy of musical structural descriptors that we 

adapt and discuss in the context of ethnic music. After having introduced the taxonomy 

we focus on pitch-related and tempo-related phenomena as the two major structural 

building blocks for the African music idiom. 

2.1 A taxonomy as common thread 

During my research, as well for the scientific part as for the artistic part, I got intrigued 

by the RMCA‖s fascinating sound archive. This archive contains many and diverse kinds 

of music, in different styles, with different voices and different instruments. Listening to 

this archive results in an utter diverse experience. It reveals an ecology in which music 

forms a natural part of live, and in which music is a social embedded entity to such 

degree that music, in some of these cultures, doesn‖t even have a particular name to 

distinguish itself. As a listener, you are submerged in that universe of sounds, with tone 

scales that were completely different from the pitches of the black-and-white-keys of 

our Western keyboards that we are used to hear so often. The RMCA archive contains 

musical instruments that are almost forgotten in the African continent itself, with 

unique timbres and especially designed resonators and noise-adding devices such as for 

example a spin rag that adds a mirliton effect. I got intrigued by the research on pitch 

and temporal phenomena, how people listen and perceive music, how tempo is not a 

number, and a tone is not a note. How acoustical elements are to be understood in a 

physical way, and how, for a listener, it becomes a sensorial experience and moves up to 

perceptual level where music is contextualized, understood and attributed with 

meaning. I got mesmerized by all these auditory and musical components, a web in 

which I was entangled. 
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However, in order to be able to capture this music, it became clear that a theoretical 

framework was needed that avoids a tangled superposition and accumulation of too 

many musical elements that are considered in the scientific and artistic part. In 

literature, I found a coherent analytical approach that organizes musical elements in a 

hierarchical taxonomy of musical descriptors. Both my artistic and scientific research 

parts could be framed on, and connected to this taxonomy. It created a solid basis, for 

the organization of my scientific work in the understanding of musical components by 

computational analysis, and for the artistic work in the steering of the creative process 

for a composer who is influenced by ethnic elements. 

This taxonomy has been developed during the MAMI project at IPEM (Ghent 

University), and was elaborated in the doctoral research of Micheline Lesaffre. The main 

division of this taxonomy is the distribution of musical components along the axis from 

low-level descriptors up to high-level descriptors. It withholds the longstanding 

viewpoint that music can be seen from two angles: audio as an auditory physical signal 

versus the audio as a phenomenon of human cognition. 

About this well-known dichotomy Lesaffre writes: 

“As a physical phenomenon, music content simply refers to the measurable 

elements in the sound energy of music, i.e. its formal structure and everything 

that it contains. From the viewpoint of engineering and computer science, music 

content consists of such collection of facts or data […] In this sense, content does 

not necessarily entail meaning. […] Contrarily, from the perspective of the 

psychology of music, meaning is highly relevant. As a cognitive phenomenon, 

music content relates to the meaning derived from the ideas expressed in the 

music, the story told or the subject dealt with.” (Lesaffre, 2006, pp.14-15)  

The main problem of content-based music analysis is the linkage between measurable 

elements, symbolic representation, and meaning. It is a difficult task since it highly 

depends on subjective interpretation. These gaps are a recurring issue, especially in the 

context of computational approaches where the connection between signal, symbolic 

and semantic is a crucial step. Therefore, Lesaffre designed an instrumental taxonomy 

that relates sound energy to musical meaning. It delineates the conceptual relationships 

between various levels in the multitude of music descriptions. Basically there are three 

description levels that define the degree in which content is related to the musical audio 

signal: low-level descriptors, mid-level descriptors, and high-level descriptors. These 

categories connect to a three level structure of music as a phenomenon. The acoustical 

level represents the low-level descriptors. It is about the signal, the real sound, and is in 

this context analyzed by computational tools. The perceptual level contains more less 

the mid-level descriptors concerning the perceptual and cognitive processes in the 

human brain. The higher level organization consists of the semantic level, it relates to 

the meaning of sound and especially music.  
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For the detailed definition about the descriptors, Lesaffre is cited (Lesaffre, 2006, pp 38-

39): 

Low-level descriptors typically define content that is close to the acoustical or 

sensorial properties of the audio signal. These descriptors are typically related to 

temporal features of the signal and local (non-contextual) properties. Low-level 

descriptors are obtained from frame-based analysis of the acoustical wave. 

Distinction is made between features related to acoustical and features associated 

with sensorial properties. Features related to acoustical properties are physical 

descriptions of the audio stream in terms of frequency, duration, intensity and 

spectrum. Features associated with sensorial properties involve low-level 

processing which is situated in the periphery of the human auditory system, 

relate to perceptual characterizations such as roughness, onset time and loudness. 

Computational extracting of low-level descriptors delivers unambiguous values.  

 

Mid-level descriptors involve time-space transformations and context 

dependencies within specified time-scales. Time-space transformations allow for 

the specification of the musical signal content in spatial terms (e.g. timbre, pitch 

and chords) and temporal terms (e.g. beat, meter and rhythmic pattern). Content 

formation at this level has to take into account a time frame of maximum 3 

seconds. Mid-level concepts relate to perceptual properties such as texture, 

timbre and pitch, and involve cultural determination that addresses ambiguous 

values. 

 

High-level descriptors typically involve learning and categorization beyond the 

representation of the “now”. These descriptors need to deal with structure and 

interpretation. They may be related to cognitive as well as to emotional and 

affective issues concerning content. High-level concepts are related to 

expressiveness. To the present day, however, knowledge of how high-level 

descriptors may be associated with high-level concepts (e.g. perceived affect 

qualities) is still insufficient. The features at the high description level are 

determined by the cultural context. They are related to long-term memory 

processes that keep track (among other things) of statistical properties in the 

signals through learning, attention and context-dependencies. The high-level 

concepts describe semantic features.  
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Figure 2 Descriptor levels as presented in the taxonomy by Micheline Lesaffre (Lesaffre, 
2006, pp 37). 

 

Lesaffre proposes a taxonomy in which music content categories include six elementary 

classes for establishing the different features in the conceptual framework: melody, 

harmony, rhythm, timbre, dynamics and expression. These concept classes relating to 

audio-structural properties, can be distinguished according to acoustical, sensorial, 

perceptual and structural descriptors that are aligned along the axis low-high level 

descriptors. Expression is a high-level inter-subjective category which cannot be 

directly extracted from the music, but which is established by combining extracted 

structural features and perceived qualities. 
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Figure 3 Original taxonomy by Micheline Lesaffre (Lesaffre, 2006, pp45). 

Signal based music information retrieval, which is the main methodology in my 

research, starts with signal analysis to obtain feature extraction and content 

classification. It is therefore connected to the low-level descriptors of the taxonomy. 

Music information retrieval research primarily applies a bottom-up approach and 

performs low-level feature selection in view of the automatic extraction of mid-level 

audio-structural features, and usually does not have a top down (user-need) approach. 

Most existing classification systems in music information retrieval are designed from a 

commercial viewpoint and for commercial categories (Aucouturier, 2003). This 

implicates that many existing applications aim at being an applicable and useful tool, 

but do not always deliver actual musical content. The typical design for a MIR tool is an 

architecture that consists of retrieving the required information from a query, that is 

analyzed and compared against a set of similar analyses that are stored in a database. 

The results are matched, and the user receives a (hopefully) accurate response, usually 

based on a ranking by similarity. These tools are especially designed to answer the 

query. The user does get a response. But the underlying architecture strikes since it are 

actually abstract representations of mostly low-level features that are matched. There is 

no higher-level connection established, there is no interpretation made, there is no 

musical meaning added. For the implementation of MIR tools in order to get content 

description, there are essential and difficult steps to be taken. This relates to the before 

mentioned gaps between signal, symbolic and semantic descriptions. For my research, it 

are signal based information retrieval tools that deliver low-level descriptors, in which 

is invested to create a higher level descriptor along the stages that can be seen in the 

taxonomy.  



 

16 

Remarks on and adaptations to the taxonomy 

The ―true‖ main components of which music actually constitutes are open for debate. 

Cognitive psychologist Gardner, for example, denotes that the main elements of music 

are pitch, rhythm, and timbre (Gardner, 1993), where the taxonomy of Lesaffre divides 

the class pitch, stipulating the distinction between melody and harmony. Pitch is 

organized both horizontally and vertically, former represented by melody which is 

connected to time, latter represented by harmony which is connected to space. For my 

research this partition is not appropriate. In ethnic music, especially Central-African 

ethnic music, pitch organization and specific tone scales are primarily connected to the 

melodic construction. This music has no intense harmonic organization, and if 

harmonic elements appear it is rather to be seen as parallel melodic movements, 

heterophony and eventually a basic counterpoint in the responsorial and antiphonal 

singing. 

 

i) Lesaffre considers dynamics and expressivity as essential conditions within music 

information retrieval systems and adds these categories in her taxonomy. She 

argues that these categories are indispensable because they relate to concept 

classes and features across all the description levels. Foremost, it is a 

measurable parameter in computational approaches. A valid argumentation, 

onto which I would like to add that dynamics in general are a too often 

neglected musical parameter. It is extremely hard to define or annotate 

differences between dynamic nuances, and furthermore they are relative in 

the context where they are used. For this research it is an important 

component as well, that is kept in my personalized model of the taxonomy. 

Dynamic levels and accents are important features for attaining meaning on 

mid-level rhythmical components. The (basic) pulsation can only be 

interpreted by the dynamic accents, which reveal patterns, figures, topoi, 

grids. 

 
ii) Another remark concerns the definition of contextual and non-contextual 

descriptors. Lesaffre speaks about local or non-contextual, and global or 

contextual descriptors. 

“Local or non-contextual descriptors are situated at the lower levels of 

the conceptual framework. At the acoustical and sensorial levels the 

description of music content is approached from the viewpoint of 

physics, automatic (auditory-based) feature extraction and low-level 

processing. Global or contextual descriptors are situated at the mid 

and high-levels of the framework that comprise perceptual, structural 
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and expressive features of music. These features refer to the internal 

subjective experience of music.” 

The distinction between local and global descriptors is related to underlying 

computational models that take the duration of the time frames into account for 

analysis. Local descriptors are derived from audio within time scales shorter than three 

seconds, whereas global descriptors are derived from musical context dependencies 

within time scales of about and beyond three seconds (Leman et al., 2001). For this 

research, terms as ―contextual‖ and ―non-contextual‖ are connected to description that 

concerns the context of the audio. Especially in the context of ethnic music, this is an 

important difference that reshapes the definition. The terms ―contextual‖ and ―non-

contextual‖ are not connected to time duration as in Lesaffres design, but to information 

about the music. Although the difference in definition, both models associate it with the 

same distribution of non-contextual low-level to contextual high-level features. 

 

Lesaffres taxonomy is considered to be a tool to define the organization of musical 

content. It establishes relations between microscopic features of a sound and 

macroscopic characteristics that make up the overall structure and meaning of a 

musical piece. 

The ultimate goal of the conceptual framework for Lesaffre is to provide a user-

dependent structure for description of music that would considerably facilitate the 

development of music information retrieval systems. For the scientific part of this PhD, 

this can be literally transposed, which has led, for pitch and tempo, to several results. 

For the artistic part, the taxonomy appeared to be a fruitful framework as well. It 

clarifies and arranges musical components for definition and delineation in which I 

could overview choices that are focused on particular aspects. Especially in the context 

of ethnic influences, it is a useful way to be fully aware of what you as a composer are 

dealing with. It creates a small window that sometimes is needed to see details in the 

absorption of cultural impulses. It gave incentives in the creational process, and 

stimulated experiment that was, eclectically, focused on specific elements in the 

framework without getting tangled in the appealing diversity of ethnic music.  

Besides the, slightly adapted, taxonomy, I tried to define several bipolar 

characteristics, that served as an axis for distributing all the separate components from 

the taxonomy. This distribution is quite personal, but it gave me as composer a solid 

basis for determining where I wanted to go in my work (see chapter methodology).  
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2.2 On the concept of pitch 

This chapter will deal with the definition of concepts related to pitch. As a first goal, this 

chapter will clarify the thin line between the foursome frequency-tone-pitch-note. But 

it will also try to enlighten higher-level concepts and some auditory phenomena of the 

pitch domain that are important for this research. 

 

This chapter is partly based on: 

Six, J., Cornelis, O., & Leman, M. (2013). Tarsos, a Modular Platform for precise Pitch Analysis of 
Western and non-Western music. Journal of New Music Research. 42 (2) pp.  113-129. 

Cornelis O., Moelants D., Leman M. (2009), Global access to ethnic Music: the next big challenge? 
In Proceedings of the 10th International Society for Music Information Retrieval Conference 
(ISMIR2009), Kobe, Japan.  

Cornelis, O., & Six, J. (2012). Revealing and Listening to Scales from the Past; Tone Scale Analysis 
of Archived Central-African Music Using Computational Means. In: Proceedings of the 
2012 Conference for Interdisciplinary Musicology (CIM 2012). 

 

 

Figure 4 Overview that shows pitch related concepts distributed on an axis from low- to 
high-conceptual level. The horizontal axis is based on and derived from the 
Lesaffres taxonomy. 
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Signal 

Sound does imply signal. This signal is the result of an excitation of a medium that 

propagates a wave, usually through air. Musical sounds usually consist of several layers 

of frequency components. A human listener, whose auditory perception ranges from 20 

Hz up to 20.000Hz, derives a single pitch from this complex of frequencies, which could 

be labeled as a tone. In psychoacoustic research however, most results about the 

perception were obtained using sinusoidal wave forms (Rossing, 1990). It provided a 

good basis for understanding the pitch related phenomena, but real audio has a much 

more complex behavior. Because of its complexity pitch phenomena have been, and still 

are, an interesting object of study in psychoacoustics. 

 

Frequency 

Frequency is a concept that expresses the number of vibrations per second contained in 

a signal. The smallest change in frequency that can be reliably detected by listeners is 

the jnd (just noticeable difference) for pitch. This value depends on the frequency, the 

sound level, the duration, and the suddenness of the frequency change. It also depends 

on the musical training of the listener. Nevertheless it is attributed a single value. 

Hartmann mentions a jnd of 3 cents in the range of 1000-2000 kHz for sinusoidal tones 

(Hartmann, 1997). For central frequencies, the jnd is 0.5%, about one-twelfth of a 

semitone (Rossing, 1990). This minimal range was taken into account in the further 

development of the pitch analysis of African music. 

A tone that consists of single frequency is usually a sinusoidal generated wave, while 

natural organic sounds oscillate at numerous frequencies simultaneously, which makes 

sounds more interesting. Such complex tones are thus composed of several clustered 

frequencies, called the frequency components. The whole set of frequency components 

of a sound, is called the partials, or the tone complex, that is the ensemble of the 

fundamental frequency (F0) and its overtones. The term harmonics is used to indicate 

the frequency components that are integer multiples of the fundamental frequency 

(Ryynänen, 2008). Harmonics thus refer to modes of vibration that are whole-number 

multiples of the fundamental. Nearly whole-number harmonics are seen as harmonics 

as well, since it are small deviations that are only inflected by small imperfections. The 

term inharmonics is used when the frequency components are not whole-number 

multiples.  

Pitched musical sounds can thus be divided into harmonic and inharmonic sounds. In 

a theoretical ideal harmonic sound, the harmonics are perfect integers multiple of the 

fundamental frequency. In practice however, small deviations of the partial overtones 

very often occur, causing a small inharmonicity, which is still seen as a nearly whole-

number harmonics. Although such inharmonicity can be a problem for analyzing 

harmonic sounds, it can be perceptually pleasant. A slightly inharmonic spectrum adds 

certain warmth into the sound. Chordophone and aerophone families theoretically 
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produce harmonic overtones, as they are based on a harmonic oscillator such as a string 

or a column of air. Nevertheless sounds of chordophones have very small variations in 

their harmonics, due to the tension of the string, they are still accounted as harmonics. 

The same accounts for the aerophones, whose presence of fibers in the material also 

results in more complex patterns in temporal and spectral behavior. In African music, it 

is often a wanted effect, which can be seen in the addition of vibrating elements on the 

instruments and the rather rough surfaces inside the instrument. Idiophones, on the 

other hand, are music instruments with three-dimensional solid bodies that show a 

pattern of vibration that relates to the natural frequencies of that given body itself. This 

are pitched inharmonic sounds of which the overtone partials are not approximately 

integer multiples of the fundamental frequency (Klapuri, 2003). It is typical for 

instruments that use vibrating solid bars such as marimba, vibraphone, xylophone and 

lamellophone. Instruments that are very common in African music.  

 

Tone 

Any complex tone can be described as “a combination of many simple periodic waves, 

partials, each with its own frequency of vibration, amplitude, and phase1." (Thompson, 

2008). Nevertheless the complex of frequencies, human perceive one single musical 

pitch content from a sound, and that is usually the lowest partial present, the 

fundamental frequency (F0). A tone is also usually symbolically represented by its 

fundamental frequency, notwithstanding that sound contains many partials 

(harmonics). The perception of pitch is not necessarily dependent on a strong 

fundamental frequency. Even for sounds with partials that are louder than the F0, it 

does not hamper pitch perception (Schneider, 2001). As pointed out by Schouten, the 

central auditory system can even assign a pitch class to a tone of which the frequency 

component corresponding to the F0 is absent (this is called the synthesis of the missing 

fundamental) (Schouten, 1940). This is due to the repetition rate implied in the length of 

the period of harmonic frequency components.  

 

Pitch 

Many sources and definitions about pitch can be found. Notwithstanding the complexity 

of this domain, the definitions and intentions are quite similar, as shown in these three 

citations: 

 

                                                      
1
 Timbre allows listeners to distinguish musical sounds which have the same pitch, loudness, and duration. 

Timbre of a musical sound is affected by the relation of the spectral components and their temporal 

evolvement. More informally, the term timbre is used to denote the color or quality of a sound (Ryynänen, 

2008). The musical timbre of a steady tone from such an instrument is determined by the relative strengths of 

each harmonic. 
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The American National Standards (ANSI 1994) defines:  

“Pitch is that attribute of auditory sensation in terms of which sounds may be ordered on a 

scale extending from low to high. Pitch depends mainly on the frequency content of the 

sound stimulus.” 

In the Science of Sound, Rossing T.D. writes:  

“Pitch has been defined as that characteristic of a sound that makes it sound high or low or 

that determines its position on the musical scale. The pitch of complex sounds also depends 

on the spectrum of the sound and its duration.”  

Hartmann starts with the ANSI definition:  

“Pitch allows the ordering of sounds on a frequency-related scale extending from low to 

high”, and adds an operational definition from Stevens “a sound has a certain pitch if it 

can be reliably matched by adjusting the frequency of a sine wave of arbitrary amplitude”. 

It is important to understand the main difference between pitch and frequency. Pitch 

cannot be equated as frequency, since frequency is an objective physical property of a 

sound and pitch is a subjective psychoacoustic attribute of sound that comes out of 

human perception. Therefore these definitions of pitch emphasize the auditory 

sensation, which implies the importance of music perception. A listener assigns a single 

pitch to a sound, that actually consists of a complex of frequencies. Pitches are usually 

quantified in cycles per second, or Hertz, which then, in the symbolic domain, are 

assigned a note name. 

However, the western concept that defines pitch as a discrete (symbolic) category, is 

too limited or even inappropriate in some non-western music. In the current MIR 

research, a tone is often conceived as an object with a single pitch. The latter can then 

be represented as a note and further processed from a symbolic point of view. However, 

music does not always consist of discrete pitch categories. For example, in classical 

Chinese guqin music (Li, 2007), the music consists of tones that contain sliding patterns 

(pitch modulations), which form a substantial component of the tone. The tones are 

plucked by one hand and modulated by the other hand using a succession of gestures, 

which results in pitch modulations of the plucked tone. Krishnaswamy introduced in his 

study of Carnatic (South-Indian classical) music, a set of 2D melodic units, called melodic 

atoms. It are patterns that are being matched with the music in order to overrule the 

assignment of individual pitches, rather looking for larger gestural melodic movements 

(Krishnaswamy, 2004).  
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Note 

Pitch is a perceptual attribute related to the fundamental frequency which is given to a 

(pitched) sound that is measured in units of Hertz. Next step is to attribute a pitch class 

to a pitch frequency. The attribution of a pitch class converts the numeric value into a 

symbolic value. The pitch classes of individual tones are usually defined in respect to a 

reference tone. The position of the first tone is thus an important choice, that 

conventionally, in Western music is the A4, 440Hz. This standard is a commonly used 

reference tone, but in practice small deviations are possible. Throughout the history of 

Western music a wide variety of reference frequencies have been used. For a detailed 

overview see Ellis (Ellis, 1885).  

Pitch as the complex of F0 and its harmonics is a multi-dimensional attribute, a 

complex of frequencies. However in Western notation, pitch is actually reduced to the 

one-dimensional representation of a note, although its partials play an important role. 

For harmonic sounds, this is valid, but for inharmonic sounds this cannot be 

straightforwardly implemented. It may lead to problematic or even obsolete 

interpretations (Schneider, 2001). Schneider calls this the reductionist perspective.  

For oral music manifestations, it is very often not straightforward to project one of 

the 12 western pitch classes onto the actual used pitch classes. Even with an acceptable 

shift of the reference tone, it usually becomes problematic for the succeeding pitch 

classes. Therefore the western music theory that contains 12 pitch classes, in extension 

24 pitch classes, if quarter tones are included, are insufficient to denote the actual 

intended tone in oral ethnic music.  

 

Interval 

An interval is the distance between two notes. In Western music, intervals are 

traditionally labeled according to the number of steps they embrace: second, third, 

quarter.... An octave is identified by the ratio 2:1, meaning that the frequency of the 

upper note is twice that of the lower note. Notes an octave apart belong to the same 

pitch class. The octave appears to be a recurring interval in all musical cultures (Burns, 

1982). This octave often forms the basis of a scale, which is divided into smaller 

intervals. According to the used division of the octave, different intervals are possible. 

Helmholtz describes the relative dissonance of musical intervals looking at the overlap 

of (two sets of) harmonic frequency components. If many frequency components 

coincide, the interference, called beating, is reduced and the interval sounds relatively 

smooth (Helmholtz, 1885). 

Around 1880, Ellis described cents, a theoretical unit for numerically measuring 

intervals. It was created by dividing the octave into a micro-scale of 1200 small steps 

(Ellis, 1885). It makes the description of intervals more detailed than the semantic 

labels, and also disconnects from the ratios with simple integers that do not fit all 
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intervals well. For the description and classification of ethnic music the cents system 

appeared to be extremely valuable.  

While the octave is usually the starting entity for subdividing into several pitch 

classes, it is known that different cultures have different ways of doing this (Hartmann, 

1996). The famous Indonesian gamelan ensembles, for example, use slendro and pelog 

scales, which have varying divisions of the octave into five or seven equal parts 

respectively (Sorrel, 1990). Islamic art music uses tones that are intermediate in size 

between a whole tone and semitone, and use very small intervals such as quartertones 

for ornamentation (Touma, 1996). In Central-African music uses many different octave 

divisions and intervals. Researchers Mathews and Pierce (Matthews, 1980) investigated 

the unusual step to alter the octave interval. Such stretched or compressed octave is 

something that can be discussed in ethnic music cultures, however there has not much 

research been done.  

 

Scale 

Scales are the ensemble of all pitch classes per octave. Even Western music traditions 

have a long history of theories, tunings and temperaments. In most cases, Western 

music uses a 12-tone division of the octave, with intervals of approximately equal size 

that only differ according to the tuning system at hand. A brief summary of some 

historical scales are given for their specific differences. 

Just intonation is a scale whose pitch classes are related by simple ratios between 

small integers. The octave 2/1, fifth 3/2, fourth 4/3, sixth 5/3, major third 5/4, minor 

third 6/5, minor sixth 8/5... Basis for its construction is the triad: three notes with ratio 

4:5:6, for example C-E-G: A major third and a minor third. From the top note, another 

triad starts: G-B-D, and then F-A-C completing the diatonic scale. The just intonation 

scale comprehends 3 different seconds: a semitone (16/15), a minor whole tone (10/9) 

and a major whole tone (9/8). There are in this scale 5 perfect fifths, and 2 imperfect (D-

A, B-F), respectively, there are 5 perfect fourths, and two imperfect (F-B, A-D). Another 

problem is that so called enharmonic notes Ab and G# are actually not the same. In this 

constellation, modulation is not an option.  

The Pythagorean scale is based upon the accumulation of perfect fifths (3/2). The 

well-known circle of fifths nicely represents the fifth-relations, and shows the entire 

chromatic scale. After adding a total of 12 fifths, one should coincide the starting note, 

but a deviation towards the starting note has infiltrated because a perfect fifth is 702 

cents, which makes an additional 2 cents per fifth. The deviation after twelve fifths is 24 

cents, and is known as the wolf tone. This scale has the most perfect fifths and fourths, 

consequently the thirds and sixths must vary. Again there are three kinds of seconds: 

one major whole tone (9/8), and two semitones: the diatonic (256/243) and the 

chromatic semitone (2187/2048). The difference between the two semitones is called the 

Pythagorean comma. This scale has its emphasis on perfect fourths and fifths, but has a 
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poor tuning of thirds. The syntonic comma in this respect, is the difference between just 

intonation and Pythagorean minor thirds. The meantone temperament withholds 

compromises in the Pythagorean tuning to create more useful thirds. The backdrop is 

that it gets increasingly out of tune when sharps and flats are added to the key 

signature.  

The Equal temperament is a convenient temperament that equals all the semitones: 

one semitone is 100 cent, the octave is 1200 cents. The semitone is rather a 

mathematical construction than a musicological one. Seven semitones are very near to 

the perfect fifth, five semitones are very close to the perfect fourth. Thirds are not so 

near to the just intonation, but are also not too sharp or flat as in Pythagorean, which 

explains the strong usefulness of the equal temperament in music. It is customary to 

work with cent values instead of ratios in expressing the equal temperament intervals. 

In this tuning system ratios would lead to very complex numbers.  
 

 Just intonation Pythagorean tuning Equal Tempered 

Interval Ratio Cents Ratio Cents Ratio Cents 

Octave 2/1=2 1200 2/1=2 1200 2 1200 

Fifth 3/2=1,498 702 3/2=1,5 702 1,498 700 

Fourth 4/3=1,333 498 4/3=1,333 498 1,335 500 

Major third 5/4=1,25 386 84/64=1,265 408 1,26 400 

Minor third 6/5=1,2 316 32/27=1,184 294 1,189 300 

Major sixth 5/3=1,667 884 27/16=1,687 906 1,682 900 

Minor sixth 8/5=1,6 814 128/81=1,58 792 1,587 800 

Table 1 Table with ratio and cents for the most common intervals in three different tuning 

systems. Notice the convenience for using ratios in the just intonation, and for cents in the 

equal temperament.  

 
Figure 5:  Graphical display of the specific differences in intervals for three intonation 

systems (from Rossing, 1990, p159). 
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For a systematical mapping of scales, it takes three main values: the number of pitch 

classes per octave, their intervallic distance, and to a lesser extent the quantity of each 

pitch classes‖ occurrence. The most common divisions of the octave are equal tempered 

divisions, by 5, 7, 8, 12 pitch classes per octave. But many other have been used for 

music and experiment as well. What the intervallic distance concerns, the theoretical 

possibilities are almost infinite. The software Scala, for example, contains a database of 

scales and lists a dazzling number of 3900 different scales. 

There are two ways for describing a scale. One handles a bottom-up approach, where a 

scale is built by adding up smaller intervals that ―please‖. This is called additive tuning. 

On the other hand, the top-down perspective divides an octave into smaller parts. This 

is called divisive tuning (Schneider, 2001). This brings forward an important dilemma in 

the perspective of scale analysis: does a pitch fit in a scale on theoretical basis or should 

one look to scale by a sonological analysis to what pitches are used? For example the 

equal temperament is a divisive scale, and the Pythagorean scale and Just Intonation 

scale are additive scales. 

The diversity of the scales, often based on the small differences in pitch recommends 

the need of very precise analysis, especially when it comes to music from oral cultures 

to capture the essence of the characteristics. Schneider advises to start an investigation 

of scales with the analysis of temporal and spectral characteristics, instead of 

perceptually measuring the frequency of a sound. Therefore Schneider suggests a 

computational sonological analysis for the description of distinctive features in sound, 

which in a way relates to the old school of comparative musicology (Schneider, 2001).  
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2.3 On the concept of tempo  

Note: This part of the research is based on music that has a metrical structure of which 

the basis is a pulse that forms a series of repetitive elements that are separated by a 

more less fixed time interval, and whose elements can be grouped into larger units. It is 

thus focused on music with a repetitive pulse. Therefore, music with an unclear 

reference beat, music that is extremely rubato, or music without pulse, is not studied 

here. 

This part of the dissertation is based on: 

Cornelis, O., Six, J., Holzapfel, A., & Leman, M. (2013). Evaluation and Recommendation of Pulse 
and Tempo Annotation in Ethnic Music. Journal of New Music Research. 42 (2) pp. 131-
149. 

 

Music usually consists of a series of notes that have a specific point in time. The network 

between all these events creates a complex metrical hierarchy (Jones, 1990). Temporal 

features (in the widest sense) only become meaningful in relation with (all) the 

musical/auditory occurrences of a musical piece over its time axis. There are structural 

interrelationships on the time axis as displayed in Figure 6.  

 

Figure 6 Sequence of musical events, showing metrical hierarchy (concepts from 
ethnomusicology), in a theoretical display and in a performed display which 
implies microtimed differences measured in a performance.   
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A musical piece contains a sequence of pitched and/or unpitched events. The starting 

point of such an event is called the onset, it indicates the starting time of that peculiar 

note. Each note has also an offset, which is the end of that note. The offset is much 

harder to detect, due to resonance characteristics, and it also varies more due to 

personal preferences, instrumental characteristics and playing technique. Within our 

research on temporal elements, it are the onsets that are most important. The time 

interval between two onsets is called the IOI, inter onset interval. It is a step towards the 

representation and understanding of the tempo and tempo progress within a piece. In 

the framework of repetitive music that has a pulse, the IOI are at the basis for 

calculating the tempo by 60/IOI. It is however not so straightforward to determine the 

tempo of a song. Since a metrical hierarchy structures the layers of pulses and beats, it 

is apparent that tempo radically changes depending on which metrical level the 

calculation is made. In a binary context, a different temporal grid would halve or double 

the tempo. The range in which musical tempo can be perceived is between 200 to 1500 

ms (milliseconds), or 40 to 300 Beats Per Minute (BPM) (Pöppel, 1978; Moelants & 

McKinney, 2004). In cases of tempi slower than 40 BPM, one tends to subdivide, while 

tempi faster than 300 BPM physically cannot be performed. Within that space, Moelants 

mentions there is a preferred tempo-octave lying between 81 and 162 BPM. These zones of 

tempo range and preferred tempo range imply some important issues. The tempo range 

sets out the possibility of nearly 4 tempo octaves, these tempi are very strong related 

but insinuate a completely different atmosphere of a musical piece. The preferred 

tempo range adds a complex layer: perception. It relates to the ongoing debate whether 

rhythm and tempo are characteristics of the audio signal or if they are conceived 

cognitively by listeners. Is it an attribute of the signal or is it built in our mind?  

At the acoustical, non-contextual low-level, the presence (or absence) of an onset is a 

physical attribute of the sound, but higher level metrical structures and temporal 

phenomena are primarily perceptual and cognitive processes. The rhythmical 

framework of a musical piece cannot always be straightforwardly observed from the 

symbols of the score or from the acoustic events of the audio signal. Perceptual and 

cognitive processes of the listener create the actual meaning of the temporal 

framework. Typical examples are the grouping, phase shifting and silent beats. The 

observation of pulse, the synchronization with a tempo, and the formation of rhythm 

cells are perceptual characteristics that are only merging out of a perceptual higher 

level context.  

An additional viewpoint is musical embodiment, where in this perspective, Epstein 

distinguishes beat rate and/or tapping rate on the one hand, and the perceived tempo 

on the other hand (Epstein, 1995), where the beat rate is the periodicity which best 

affords some form of bodily synchronization with the rhythmic stimulus. It may or it 

may not directly correspond to the perceived tempo, especially when the latter is 

considered as a number that reflects a rather complex Gestalt that comes out of the sum 
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of musical factors, combining the overall sense of a work‖s themes, rhythms, 

articulations, breathing, motion, harmonic progressions, tonal movement, and 

contrapuntal activity. As such, the beat could be different from the bodily perceived 

tempo.  

Besides audio analysis and human perception and embodiment, temporal features 

can also be studied from the symbolic level. Willenze (Willemze, 1964) points out the 

relationship between the measurable, or objective time and the time that is 

experienced, the subjective time. This reflects the traditional distinction between the 

theoretical tempo that is implied in a score, and the tempo that comes out of 

performance. (Cornelis, 2013). This also implicates the difference between the rigid 

theoretical time interval derived from a score, and the micro-timed differences 

measured in a performance, or perceived by listeners.   

 

In Western music, the meaning of tempo has been a continuous field of debate. Before 

1600, music rarely contained an indication of tempo, and the performance tempo was 

depending on the used note values in the mensural notational system. By the 18th 

century, Italian terms for indicating the tempo became common. These terms are 

connected to a certain tempo, and can be related one to another. However the precise 

interpretation has been a long-standing topic of debate. But so was the rigidness of the 

early 19th-century mechanical device as the metronome that indicates the intended 

tempo in a music piece as a number of ticks per minute (MM). Performance practice 

over the years shows that tempo designations and preferences change, due to several 

factors: the interpretation of a performer, fashion and taste of a period. But also the 

room size and its reverberation time, the sonorities of musical instruments, and the size 

of an orchestra. It is apparent that compositions, even if a prescribed rigid tempi is at 

hand, have differences in tempo and micro-timing in a performance. 

This research has a focus on African music, and it is interesting to confront Western 

music theories with some concepts that are used in African music theories. Fig. X 

contains a basic table with terminology that is commonly used in both music research 

fields. It shows differences in musical concepts, although it has many communalities as 

well.  
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Table 2 Hierarchical overview of typically used music theory idiom. 

 Western music theories African music theories 

High-level features 

 

 

 

 

 

 

 

 

 

Low level features 

 

Structure 

 

Meter 

Gestalt 

 

Strong/weak pulsation 

Beat 

Pulse 

 

Onsets 

 

Structure 
 

Cycle 

Grid 

Topoi  

 

 

Fastest pulse 

 
Onsets 

 

In African music, the oral context led to a broad field of music theories usually made by 

ethnomusicologists. An exhaustive overview is not the aim of this PhD, but several 

theories are brought together. Non-Western rhythmical music theories are different 

from Western rhythmical theories. Ethnomusicologists tend to recognize that the 

concept of pulse organizes music in time, but they assess that the higher structure of 

pulses is different from the concept of meter. From all their theories and concepts, the 

idea of the fastest pulse as a basis for understanding aspects of timing seems to be the 

most general, fundamental, and useful, as it allows the widest variety of interpretations. 

In this context, Arom states that African music is not based on bars, which define the 

meter as in classical music, but on pulsations, a succession of isochronous time units 

(Arom, 1985). Thus, rather than using the concept of meter, the structuring of pulses is 

based on the concept of sequences, forming the starting point for further analysis of 

rhythms. A specific annotation tool for West African drums has been developed by 

Koetting (Koetting, 1970) and Kubik (Kubik, 1994), namely the Time Unit Box System 

(TUBS) notation. It is a graphical annotation approach that consists of boxes of equal 

length put in horizontal sequence. Each box represents an instance of the fastest pulse 

in a particular musical piece. If an event occurs, the box is marked, if not the box is left 

empty. TUBS are most useful for showing relationships between layers of complex 

rhythms (Cornelis, 2013) 

The approach of rhythmical organization by Kubik (Kubik, 1994) and Koetting 

(Koetting, 1970) is based on three levels. The first level is the elementary pulsation, a 

framework of fast beats that define the smallest regular unit of a performance as an 

unheard grid in the mind of the performer. The second level is formed by a subjective 
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reference beat. There are no preconceived strong or weak parts of the meter, and the 

beats are often organized in a repetitive grid of 3, 4, 6, 8 or 12 units. The point of 

departure is so ingrained that it needs no special emphasis. For this reason, the first 

beat is often acoustically veiled or unsounded. For outsiders this can cause a phase shift. 

On top of these two levels, Kubik adds a third level, which he calls the cycle. A cycle 

would typically contain 16 to 48 beats. The introduction of numbered cycles (Kubik, 

1960) replaced conventional Western time signatures in many transcriptions of African 

music. The main advantage of conceiving these large cycles is that polymeter structures 

resolve in it.  

In Western music, the pulse often functions within a larger structure that is called 

meter. Lerdahl and Jackendoff (Lerdahl, 1983) speak about strong and weak beats 

(instances of a pulse) and they approach meter as a super structure on top of ―a 

relatively local phenomenon‖. The perception of pulse and meter is associated with a 

perceivable regularity that creates expectations in a time span. For this reason, one can 

tap along with any music that has a regular/repetitive basis. Therefore, meter facilitates 

the structuring of the beats over time (Cornelis, 2013). 
 

 

 

Figure 7 Overview that shows several rhythmical phenomena, visualized along a part of the 
low-high conceptual level axis. These phenomena are not solely observed in 
African music, but can be a characteristic of Western or other music as well. They 
are here briefly explained in the context of African music. 
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Temporal related phenomena: 

 

Fastest pulse 

In ethnomusicological theories, the idea of the fastest pulse serves as a basis for the 

temporal organization in African music. This elementary pulsation allows a flexible 

framework for the explanation and understanding of several rhythmical phenomena. It 

is also the basis for the TUBS notation. 

 

Negative asynchrony 

Negative asynchrony (Repp, 2006) is the phenomenon that listeners who are asked to 

tap along a piece of music, tend to tap earlier than the stimulus itself (typically between 

20 and 60 ms), which shows that subjects perform motor planning, and thus rely on 

anticipation, during the synchronization task (Dixon, 2002).  

 

2Hz resonance theory 

The 2Hz resonance theory (Van Noorden, 1999) encompasses the theory that natural 

human movements closely relate to a 2Hz frequency (equals 120 BPM), both in tempo 

production and perception whereby the human body accounts as a resonating system. 

Moelants indicated a preferred tempo range that is located somewhere between 110 and 

130 BPM, a range in which music is tapped less ambiguously. (Moelants, 2002), which 

makes it ineligible in the context of tempo research.   

 

Anticipation and expectation 

Listeners group pulses which leads to a specific metrical structure. This pulse, with or 

without accentuated notes, creates a framework for regularity which leads to 

anticipation and expectations. This means that an audience can anticipate and predict 

on bases of the musical elements that have occurred. As phrased by Martin: “inherent in 

the rhythmic concept is that the perception of earlier events in a sequence generates 

expectancies concerning later events in real time” (Martin, 1972, p503). Listeners 

intuitively are sensitive for regularities which will be the basis for the tempo and meter 

perception. The human capacity of anticipation and expectation allows the 

synchronization with the pulse of a song, which was used for the manual annotation of a 

set of songs. This forms the basis for our research where we want to set up a 

computational analysis for tempo extraction. We use signal based events as basis for the 

rhythmical frame, but only a valid meaning of tempo and rhythm surfaces when there is 

a human comparison. Therefore an experiment was set up that weights computational 

tempo annotations with human annotations.   
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Accent 

Accentuation is a common term for addressing the prominence of a note that 

consequently attracts more attention in its context. Accents can be present in several 

forms (agogic, repetition, timbre, melodic, dynamic…), but in ethnomusicology 

especially the dynamic accent is considered, this is the increase in volume of a musical 

note. (Arom, 1984; Rivière, 1993). It leads to other important phenomena: grouping, 

timelines, asymmetric structures. 

 

Interlocking pattern 

A prominent rhythmical phenomenon in African music is the interlocking pattern. It 

consists of two or more (rhythmic or melodic) lines that have different starting points, 

running one smallest beat apart from each other, as if musicians do not share a unitary 

reference beat. Interlocking patterns were first described by Jones (Jones, 1934), in 

which he referred to it as a ―multiple main beat‖. Kubik suggests that the origin of these 

interlocking patterns could have initiated from pestle-pounding strokes by two or three 

women that alternately strike in a mortar. The patterns are fundamental in many 

African musical styles. 

 

Ambiguity of octaves (octave error) 

Another aspect concerns tempo octaves, the phenomenon that listeners tend to 

synchronize their taps with divisions or multiplications of the main tempo. These tempo 

octaves are regularly reported and they are the main argument to identify tempo as 

being ambiguous. Indeed, the human perceivable tempo limitations (40–300 BPM) span a 

large range, namely, more or less three tempo-octaves. Consequentially, the listener has 

different possibilities in synchronizing (for example by tapping) with the music. 

Therefore, ambiguity arises in the tempo annotations by a group of people. These 

choices are related to personal preference, details in the performance, and temporary 

mood of the listener (Moelants, 2001). This subjectivity has large consequences in 

approaching tempo and meter in a scientific study. McKinney and Moelants (McKinney, 

2006) demonstrate that, due the 2 Hz resonance theory, for musical pieces with tempi 

around 120 BPM, a large majority of listeners are very likely to perceive this very tempo, 

whereas faster and slower tempi induce more ambiguity (Moelants, 2004). This 

distribution of tempo annotations that occurs for a group of listeners, makes it difficult 

to establish global results in tempo research, as for example defining the ground truth 

of a song.  

 

Ambiguity of meter 

A related, but more complex, ambiguity concerns the ambiguity of meter perception 

(McKinney, 2006). In music theory, the meter of a piece is considered as an 
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unambiguous factor, but some music could be interpreted both with a binary or a 

ternary metric structure. Handel and Oshinsky (Handel, 1981) presented a set of 

polyrhythmic pulses and asked people to synchronize along with them. The general 

outcome was that 80% of the subjects tapped in synchrony with one of the two pulses, 

whereas 12% of the subjects tapped the co-occurrence of the two pulses, and 6% tapped 

every second or third beat. The choice of preferred pulse however was not clear. A 

conclusion was that subjects tend to follow the fastest of the two pulses that make the 

polyrhythm when the global tempo is slow, and that subjects tend to follow the slowest 

pulse in a fast global tempo. When the global tempo is too high, people switch to a lower 

tempo octave. If the presented polyrhythm consists of different pitch content, the lower 

pitch element was the preferred frequency. Finally, Handel and Oshinsky concluded that 

if the tempo of the presented series of beats is very high, the elements are temporally so 

tightly packed that the pulse becomes part of the musical foreground instead of the 

pulsation that is part of the musical background. For polyrhythms, this transition point 

is about 200 ms or 300 BPM. For African music meter ambiguity appeared to be much 

more present than in Western music, as we could conclude in our tempo research 

(Cornelis, 2013). 

 

Grouping/Gestalt theory 

Grouping refers to the hierarchical segmentation of a music signal into variable-sized 

rhythmical structures, extending from groups of a few notes to musical phrases and 

parts (Ryynännen, 2008). Grouping is a top-down phenomenon, while Gestalt theory is 

rather a bottom-up theory where human perception suggests a sum that is greater than 

the sum of the individual parts. Listeners tend to group together the things that are 

similar (the principle of similarity) and the things that are closely-spaced (the principle 

of proximity) (Temperley, 2001). Early research by Bolton reported already the 

phenomenal grouping as an aspect of synchronized tapping; when he presented 

perfectly isochronous and identical stimuli to subjects they spontaneously subdivided, 

by accentuation, into units of two, three, or four (Bolton, 1894). London speaks of 

hierarchically nested periodicities that a rhythmic pattern embodies (London, 2011) The 

observation of subdivisions and periodicity brings Parncutt to the question what phase 

listeners tend to synchronize to when listening to music and what cues in the musical 

structure influence these decisions (Parncutt, 1994). 

 

Timelines/topoi 

Timelines, which are a good example of Gestalt, were introduced by Nketia in the 1950s. 

The concept had and has many followers, as it is, for example, recently re-labeled topoi 

in the work of Agawu (Agawu, 2003). Timelines are typically short, distinct, memorable 

rhythmic figures of modest duration that serve as a point of temporal reference. They 
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are played usually on bells, percussion sticks, and by hand clapping. Agawu writes that 

―West and Central African dances feature a prominently articulated, recurring rhythmic 

pattern that serves as an identifying signature‖ which are the basis for musical reference 

and for rhythmic possibilities of singers, musicians and dancers. The presence of these 

repetitive timeline patterns implies that there is an underlying pulse. On the fastest 

pulse level, the perceptible part is often supplemented by silent, unvoiced events. Some 

timeline patterns are characterized by irregular, asymmetric structures presented 

within regular cycles. Each asymmetric timeline pattern thus has both manifest and 

latent components. Typically there is a kind of tension between on/off beat, 

syncopation or polyrhythm. 
 

 

Figure 8 Famous 12/8 pattern which is often played repeatedly, characterized by on/off 
beat shifts. 

 

 

Asymmetric structures 

Instead of working with regular accentual patterns that define a meter, several musical 

cultures work with patterns that have an irregular rhythmic structure. The application 

of metric grids (binary and ternary) onto these temporal structures is possible, but it 

may lead to a simplification of the real underlying rhythmic structures (Cornelis, 2010). 

Jones was the first to describe the asymmetric structure of the higher rhythmical 

patterns (Jones, 1959). A well-known common example of such a pattern is the 12-beat 

pattern that contains a seven and a five stroke component, of which one is prevalent 

while its complementary pattern is latent, and is tapped as a syncopated pulse. This 

pattern is also a typical example of an asymmetric timeline.  

 

A final remark concerns a call by Agawu for rebalancing the presumed importance of 

rhythmical elements in African music over the other musical parameters (Agawu, 1995). 

Agawu believes that the rhythmical elements and their organization in African music 

are over-conceptualized (Agawu, 2003). In his writings he lists, quotes, and reviews 

many of the great ethnomusicologists‖ ideas of the 20th century. Contrary to these 

ideas, he suggests a more explorative bottom-up approach and he warns 

ethnomusicologists against the eagerness of constructing African music as essentially 

different from the West. This shows that the concepts of pulse, meter, and tempo are 
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still a topic of discussion, and that this discussion should be taken into account when 

trying to apply computational content-based analysis methods to Central-African music 

(Cornelis, 2013). 

 

In the context of this research, explicit focus went to the handling of large sets of audio. 

Since it is not possible to manually annotate 35.000 songs with a tempo, an experiment 

was performed to detail the differences between a group of people and a set of tempo 

annotation tools. The setup for this computational analysis served as basis for large 

scale analysis itself. The setup, results and conclusions of this experiment can be found 

in the following chapters.  

Conclusion 

In this chapter we presented a framework for accessing African music from a music 

structural viewpoint. Starting from an existing taxonomy of musical descriptors, we 

proposed two more elaborate schemes, one for pitch-related phenomena and one for 

tempo-related phenomena, for accessing African music. These two schemes form the 

basis for the scientific and artistic work that will be developed in the subsequent 

chapters. 
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Chapter 3 Casus ethnic music 

In this chapter, we explain the complex situation of ethnomusicology from a historical 

and methodological perspective. We argue that Western concepts and assumptions 

cannot straightforwardly be applied to non-Western music and that the handling of 

ethnic music therefore requires special attention and effort. 

 

This chapter is mainly based on: 

Cornelis, O. (2013). From information to inspiration, sensitivities mapped in a casus of Central-
African music analysis and contemporary music composition. Critical Arts. 27 (5) pp. 
624-635. 

Cornelis, O., Lesaffre, M., Moelants, D., & Leman, M. (2010). Access to ethnic music: Advances 
and perspectives in content based music information retrieval. Signal Processing, Elsevier 
90(4) pp. 1008–1031. 

Oramas, S., Cornelis, O. (2012). Past, present and future in ethnomusicology: the computational 
challenge. In Proceedings of the 13th International Society for Music Information Retrieval 
Conference (ISMIR2013), October 8th-12th, 2012, Porto, Portugal. 

3.1 Introduction: a historical overview of the study of ethnic 

music 

The oldest writings on non-European music date from the 17th century, as for example 

the work of Praetorius (1619), Mersenne (1636), and Dapper (1668), but the more 

systematical approaches to the description of non-European music can be found from 

the 18th century onwards, especially with authors such as Joseph Amiot and Jean-

Jacques Rousseau. Rousseau‖s Dictionnaire de Musique (Rousseau, 1768) contains 

transcriptions and descriptions of European folk music, Chinese music, and native North 

American music. Because of its emphasis on comparing cultures and highlighting 

differences between them, this dictionary can be seen as the start of ―comparative 
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musicology‖, a term coined by Guido Adler in 1885 (Adler, 1885). Its basic principle was 

to study and understand music by comparing musical expressions of different primitive 

cultures that were commonly seen as static cultural entities with the aim of finding 

musical universalities and the origin of music. 

There was, however, an important discrepancy between the approaches of German 

and US scholars. The German school, with Carl Stumpf, Curt Sachs, and Erich Von 

Hornbostel, was characterized by acousticians and psychologists. The US scholars – not 

organized into a single school as such – were primarily anthropologists and musicians. 

The former group focused on the study and understanding of music by comparing 

different cultures; their overall aim was to find ―universal‖ features of music. The latter 

group researched the place of music within a culture: its functions, meanings and 

origins. The differences between German and US scholars can also be explained from a 

geographical perspective: German researchers depended on archived objects and scarce 

documentation that arrived from overseas in those days. There was little access to the 

culture that was being studied, which meant that the available recordings were 

inevitably analyzed in exhaustive depth. In practice, these scholars displayed a high 

interest in the analysis of pitch phenomena (such as melody, scales, intervals), the most 

tangible parameters to analyze. The US researchers, however, were much more closely 

connected to their fields of study, of Native American music. Given their proximity, it 

was possible to engage ethnographically with the native cultures, and conduct fieldwork 

that focused on societal and contextual elements. 

 

After World War II, the term ―comparative musicology‖ had a serious decline because 

its methodology of comparing musical cultures was no longer accepted. Around 1950, 

Jaap Kunst introduces the neologism ―ethnomusicology‖ (Kunst, 1950), a discipline that 

focuses more on the ―ethnic‖ part of music itself, and that proceeds from a more 

anthropological angle in which fieldwork becomes an essential part of research and 

where contextual information was considered crucial (Nettl, 1964). It was seen as an 

interdisciplinary field of research that not only combines musicology, anthropology, 

sociology and folklore, but also biology, psychology, historical musicology, dance and 

linguistics. Bruno Nettl writes that ethnomusicology is therefore not a discipline, but a 

field in which several disciplines merge. In the following decades, a confrontation 

ensued between the more anthropological, sociological approach and the more 

analytical, musicological approach. Curt Sachs‖ approach, for example, could be 

considered as the most ―comparative‖ of his generation; in History of Music (Sachs, 1955), 

he aims to find an explanation for the origin of music by studying the most primitive 

musical expressions in the world, wanting to create a general theory on the universality 

of music. Alan Merriam (Merriam, 1977), on the other hand, criticizes the comparative 

German approach, and stresses the importance of social, anthropological and cultural 

factors, considering fieldwork as essential. 



 

 39 

From the 1970s, this traditional division becomes less explicit and ethnomusicologists 

cover both perspectives within their work, integrating both the study of sonic elements 

as well as the cultural context in which they are produced. Ethnomusicological research 

has broadened towards new focal points such as historical dimensions; gender aspects 

associated with musical activity; iconographic representation; motor aspects related to 

production of sound and dance; the relationship between the execution of musical 

instruments and the human body; and many other issues (Oramas, 2012). 

As a result of the increasing trend of digitization of sound and sound archives, 

Computational Ethnomusicology (Tzanetakis, 2007; Cornelis, 2010) has emerged as an 

approach from the beginning of the 21st Century. Computational ethnomusicology 

usually employs one of the three main analytical methods: signal analysis, symbolic 

analysis and semantic analysis. It implies a shift in methodology: computational 

analyses are extremely detailed and go beyond human annotation, are significantly less 

time-consuming and can be performed on very large sets of audio data. It reinforces 

methodologies that lean towards the German school, with systematic analysis of musical 

parameters, now performed on large archives. Critiques on this new approach address 

the difficulty of analyzing a digital signal that lacks contextual information, and the 

difficulty of analyzing (polyphonic) music automatically. Critical human monitoring and 

adjustments of automatically obtained data and descriptions, therefore, remain 

necessary. 

3.2 Ethnomusicology and its strong link with MIR 

In contrast to traditional musicology, where analysis usually starts from the symbolic 

score representations, traditional ethnomusicology typified itself that any analysis had 

to start from field work and field recordings that had to be transcribed. Especially in the 

context of oral music, there is no symbolic material to fall back on. Ethnomusicologists 

thus had to develop tools and instruments to gain insight in, usually unfamiliar, musical 

characteristics and structures. Therefore, the study of ethnic music has always been 

closely connected to transcription that was a starting point for analysis. A transcription 

makes music more tangible. As ethnomusicology aimed to be an academic science 

branch, such ―objectification‖ was a necessary step. For example, within the field of 

ethnomusicology the oldest techniques for transcription are ―phonophotography‖ 

(Seashore, 1934), and the melograph which made it possible to study the details of the 

musical characteristics in the pitch domain. These efforts can be seen as examples of 

audio-based content-extraction technology for the transcription of music. The 
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challenge of extracting content information from audio and turning it into a symbolic 

representation, are major activities within MIR.   

Interestingly is also that the central idea of comparative musicology, namely to 

compare and classify music, is closely linked to tasks performed in MIR-research. 

Famous examples in this regard are, from the comparative musicology the Sachs-Von 

Hornbostel tree structure to classify musical instruments (Von Hornbostel, 1914), the 

development of a transcription system that allows an easy comparison between 

different kinds of music (von Hornbostel, 1909), and from ethnomusicology is another 

outstanding effort the ―Cantometrics‖ project, that aimed at a classification of cultures 

worldwide according to the features of their vocal music (Lomax, 1976). 

Another connection between MIR and ethnomusicology is the element of 

automation. Automation is fruitful in the audio-based content-extraction tools that 

allow the mass extraction of musical features from large (audio) databases. The 

computational tool characterizes itself by fast and reliable delivery of content, and 

because of this it is very well suited for the extraction of content of large sets of audio. 

In MIR this is mainly focused on commercial databases, radio streams and personal 

archives. Ethnomusicology has, due to its fieldwork, many sources of field recordings to 

rely on. These recordings are mostly gathered in museums and institutions, and have 

often become large gatekeepers of cultural heritage. The massive number of audio 

recordings is therefore demand systematical approach. The connection and importance 

for Music Information Retrieval research is obvious. 

Tzanetakis (Tzanetakis, 2007) motivates the needs and pitfalls for computational 

ethnomusicology approaches stating that: (1) there is a need for collaboration between 

ethnomusicologists and technicians to create an interdisciplinary research field; (2) 

large audio collections are important to develop automated approaches using machine 

learning techniques that essentially require large amounts of data for training, which 

are manually annotated by experts; (3) domain specific techniques are necessary to 

study the particular characteristics and constraints of different musical styles; (4) 

content and context interfaces enabling active preservation and enhanced accessibility 

for non-specialists users should be developed; (5) capturing of body movement during 

the process of making music by using sensors placed on body and or instrument, 

provides a new methodology that provides interesting perspectives that could be 

interesting to apply to ethnic music. That somehow acknowledges the fact that audio 

might not be sufficient to describe and/or retrieve ethnic music. 
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3.3 Transcription 

An exhaustive overview on ethnic music transcription methods, and its results, is not 

the intention of this chapter. Rather some considerations and remarks concerning 

transcription are given. 

3.3.1 Historical evolution, consequences of technical developments 

In this context, transcription is the conversion of musical audio into musical notation. 

Transcription has always been a key task in ethnomusicological research. For long, it 

was the basis for any further musicological analysis. Until 1950-1960, it was essential for 

an ethnomusicologist to transcribe songs and recordings from (mainly) oral cultures 

before any further analysis. There is, however, a complex relation between oral music 

and music notation. It does contain the somewhat paradox situation to study oral 

cultures by making written transcriptions. Nevertheless, transcription has always been 

a central issue in traditional ethnomusicology to study and analyze music. The activity 

of transcription seems a step to objectify the intangible and volatile musical 

performance. Before the invention of recording devices, it was the only way to capture 

and fixate elements of a performance. William Burchell made around 1810 one of the 

oldest transcriptions of a South African music performance (Stone, 2000). The 

transcriber mentions that he had to remember the melody during the performance, in 

order to write it down afterwards, and made a drawing of the playing technique. He also 

notices that the pitch classes that he used in the transcription were “at least as they 

sounded to my ear”. He used Western pitch classes in the transcription, which were 

probably not the pitch classes or intervals used. A transcription, therefore, is a residue 

of both the listeners perception and the listeners memory, a residue that relies on 

concepts and a language that is generally not the one from the musician. 

Notwithstanding the tension between performance and transcription, it has long been 

the best effort in objectifying audio into a notation for further research.   

Around 1877, Thomas Edison invented the phonograph, better known as the Edison 

wax cylinders1. The technical opportunity to record audio, has had many intense 

 

                                                      
1
 The oldest known recordings of ethnic music are from the hand of Walter Fewkes who recorded Zuni and 

Passamaquoddy Indians around 1890-91. Only little later, with Theodore Baker, Alice Fletcher, Frances 

Densmore, started the more systematical approach of recording for preservation purposes. This is the beginning 

of the large archives such as the Phonogrammarchiv in Berlin (mainly by Stumpf, von Hornbostel) and the 

RMCA (Royal Museum for Central Africa) in Tervuren 
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consequences (Sabbe, 1996). In the context of ethnic music transcription, the major 

change was that the task of transcription did not have to be done any more by memory, 

but, that the transcriber could listen to the recording over and over again. The 

possibility to record and playback audio was an enormous advantage, but there were 

some consequences that were not foreseen. Firstly, the Edison wax cylinders can only 

record three minutes of sound. That is the physical limitation of the small engraved and 

rotating cylinder, but rarely, that is also the length of song in ethnic music. Therefore, it 

created a window on a music culture, where music was part of the daily, social live, 

where songs could last for hours, rituals could take a whole night. The possibility of 

recording appeared to be huge step forwards, but because of the limited recording time, 

it could not represent the entire performance, but only a selection. Such selection does 

not represent the small variations or evolution that a song or ritual can have. Besides 

the element of selection, the Edison cylinders that arrived in Europe, were over-

analyzed: what was a screenshot became representative for a whole session or ritual, 

and should rather be approached as the fingerprint of it. The meticulous and accurate 

transcription urge on the short recordings seemed to lead to a fixed image of that 

culture, that should have been characterized by variation and improvisation. The free 

environment of oral music, was downgraded to a snapshot. 

After World War II, new recording devices, such as the tape recorder, made it possible 

to make longer recordings and capture entire events. Above all, it opened chances for 

interviews and documentation around the musical fieldwork. This has led to a stronger 

development of the social and anthropological tendencies in ethnomusicology. 

In the seventies, Kubik and Koetting added video recording to the fieldwork, which 

would lead to better insights of the performance. The most striking example are the 

interlocking patterns, where an audio recording amazes listeners by the speed of the 

xylophone player, in reality it are two players who play one note alternatively - 

probably even more spectacular because of the physical control to manage the 

interlocking patterns. Due to the video recordings, this could be studied precisely and 

transcriptions were adapted to encapsulate the interlocking playing technique.  

The most recent development is the use of sensor technology to register the 

movements of musicians and dancers. Naveda researched the polyrhythmic 

stratification of samba music where the different body parts of the dancers move along 

different rhythmical layers and phases (Naveda, 2009). 

 

There are three main categories of transcription: symbolic transcription, graphical 

transcription and tablature. A symbolic transcription delivers a score that uses 

conventional symbols. It is a system that allows easy communication, but cannot grasp 

the details that are actually in the non-western audio. A graphical transcription is a 

representation of physical qualities of the sound. It is therefore a continuous 

representation, whereas a symbolic transcription uses discrete categories. Both are 
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sometimes compared with the characteristics of digital and analogue. Main advantage of 

the graphical transcription is the very precise and detailed conversion of the audio 

signal into a graphical display – often by computer -, but it is hard to interpret by a 

reader. Since the graphical transcription delivers a continuous string of data, it needs 

segmentation for discretization. The third category is a tablature. It visualizes the 

architecture of the instrument, on which the playing sequences are projected. This 

approach facilitates the play-back by others, but it does not serve systematic analysis or 

musicological questions. 

3.3.2  Six considerations 

Apart from the historical evolution in transcription, there are quite some considerations 

to deal with. 

We mentioned the paradox of studying an oral culture by beginning with a 

transcription. Besides this dilemma, Aubert writes about symbolicalized transcription 

that it is “not sufficient to preserve all the flavor and fluidity of aesthetics so intimately 

connected with principles of an oral tradition” (Aubert, 2007). A transcription is a notation 

that is posterior to the creation of musical work. While in Western classical music this is 

rarely the case: the performance follows out of a score, performers make music based on 

a set of symbols for which they know the technical implications in performance. They 

add musicality. A transcription is the other way around, and unfortunately always a 

reduction of the music. Music does contain different musical parameters of which some 

are easier to transcribe than others. Pitch en rhythm related events are more less 

feasible, but dynamics and especially timbre are very hard to grasp in a transcription, 

even for Western music. 

A general question about transcription is how to capture specific musical 

characteristics. Can Western musical symbols deal with the variety of ethnic music? 

Probably not, but is it wise to invent new symbols that are uncommon for a general 

audience, or is it preferable to use well known symbolic musical language, eventually 

provided with textual guidelines? A related point of discussion is whether 

ethnomusicological transcriptions should strive for a universal symbolic language to 

make transcriptions, or whether it is better to invent of adapt to individual properties of 

the transcribed music. In 1910, Otto Abraham and Erich Von Hornbostel published 

recommendations on ―Suggested Methods for the Transcription of Exotic Music‖. These 

guidelines were translated and republished 84 years later, in 1994 in Ethnomusicology 

(Abraham, 1994), which proves the undeniable importance and value of their research. 

The article deepens mainly on the adaptation of existing Western notation system for 

ethnic music, and deals with concerns for using the Western symbolic framework in a 

non-Western musical context.   
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A transcription is - obviously - made by its listener. But that transcriber could well be 

a person that was not involved in the performance, or someone that even was not there 

at the moment of the recording. Such listener, usually called the outsider, makes a 

descriptive transcription. It is an exhaustive and detailed description that is often quite 

hard to read and (re)perform. It usually delivers a symbolic score that is very detailed by 

which its readability suffers. Well-known examples of detailed transcriptions are from 

the hand of Bartók. Furthermore, the outsider uses musical symbols that are often not 

conceived for ethnic music, and are not specific enough to detail musical elements in 

non-Western music. 

On the other hand, if the transcriber is the performer as well, called the insider, it 

leads to a prescriptive transcription. It aims at capturing the general musical ideas with 

the intention that they can be re-performed by other insiders. It is about specific sounds 

and playing techniques targeting to reproduce the original sound. It usually delivers 

transcriptions that are much more readable and understandable, if its reader has 

enough culture specific knowledge. These transcriptions miss details, because they are 

assumed to be known by its reader/performer, they are inherently embedded in the 

idiom of the insider (Nettl, 1983). 

As veracious and as accurate a transcription is made, it is a very personal 

interpretation and the result is a subjective residue of the listeners perception and 

knowledge of the used symbolic language. If a group is asked to write down the 

rhythmical percussive ostinato pattern from an audio fragment, it delivers diverse 

results. It appears that people perceive different tempi, different meter, different 

starting points, and assign different accents and durations to the percussive events 

(Cornelis, 2013). A case study can be found in the Chapter Human tempo annotations, 

Figure 36. 

In the context of African music which is of very repetitive nature, one can question if 

a full transcription of an entire recording is needed, or that it is allowed to 'summarize' 

the song to its essential components filtering out small variations (Wade, 2009). It is an 

interesting exercise to compare between these two approaches. A full transcription is 

extremely time-consuming but gives a complete view on a song. On the other hand is 

finding the ―lowest common denominator‖ some kind of fingerprint for a song. It 

withholds easy classification, but it contains only a fragment of a song. The appropriate 

approach depends on the research question at hand. If one studies variation, ritual 

aspects, or whether the research is about scale, patterns, groove… This concern brings 

us back to the historical arrival of the recording devices, where the Edison cylinders also 

delivered a snapshot. 
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3.3.3 Ethnic music as an object 

This chapter outlines some specific concerns that arise in the handling and study of 

ethnic music. It is not about the music itself, but on a meta-level, it is about ethnic music 

as an object: handling concerning contextual information and content description. 

The oldest attempts to archive ethnic music were motivated in the first place by 

preservation, and secondly by research. These archival efforts did not intend any form 

of distribution or consumption. This reflex of preservation was primarily to conserve 

the oral heritage, but not to spread the archived objects. Museums and archives scarcely 

produced plates, cassettes or CD‖s. Even when old analogue carriers are digitized, the 

actual amount of audio that is available is minimal. Complex issues of rights are at the 

basis for this attitude, mingled with the conservative nature of museums and archives. 

For example, the RMCA did dispose all its metadata online, but from the 35.000 audio 

recordings, only 1.000 fragments of 30 seconds are available, that makes about 10 hours 

of music on a whole of 3.000 hours of music available. The current digital condition of 

the archive could serve many listeners, musicians, and aficionado‖s. This contradicts 

with the consumptive market of most western music that is driven by an enormous 

music business2. 

Besides the non-commercial character of ethnic music, another difficulty concerns 

the integration of ethnic music into digital music libraries, especially the organization 

of the metadata. The available metadata in archives with a focus on ethnic music has, 

whether on a paper index card, whether digitized, different significance to metadata 

fields of western music. What seems important for ethnic music, is not relevant for 

western music, and vice versa. The major consequence is that an ethnic music recording 

does not well fit the music library‖s collection and search engine. It is therefore also 

harder to retrieve from a digital database. For example, the names of composers are in 

the context of ethnic music usually not known; the music is often seen as property of 

―the community‖ and has rarely traces to individuals. Even performers or participants 

are usually not documented if it concerns groups or choirs. For soloists, the individual 

name is often documented. On the other hand, the geographical location and date of an 

ethnic music recording were regarded as important and are consistently documented. 

Therefore, since names of performers and composers are usually not known, the music 

is primarily identified with the country, region, ethnicity or town where it is produced. 

 

                                                      
2
 A recent study of the economic impact of the cultural and creative sector in Europe revealed that its annual 

turnover is larger than that of the motor industry or even ICT Manufacturers. With a contribution of 2.6% of 

the GDP (in 2003), it is larger than chemicals, rubber and plastic  products combined. Source: A roadmap for 

sound and music computing. Ed. X. Serra, M. Leman, G. Widmer.   
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However, in many existing digital databases for Western music, location of recording is 

not even an existing metadata field, due to its low relevance in Western music. On the 

other hand, Western music is most often retrieved by artist name and genre, two labels 

that are often not applicable data for ethnic music. 

Metadata for Western music can be organized in three categories: structural aspects 

(e.g. tonal key, instrumentation), social organization of the music (e.g. composers, 

performers) and technical aspects (e.g. record company, release date). There is no 

guarantee that these concepts can be readily applied to non-Western music. In the 

RMCA archive for example, the main categories quite different from these: namely 

identification (unique number ID, reproduction right, collector, date of recording, 

duration), geographic information (country, province, region, people, language), 

instrument information (family, type, subtype, vernacular name, material(s) of the 

instrument), and musical characteristics (voice, function, style). Not for every recording 

all these fields are available, and often these data cannot be traced, as a large part of the 

collection is made up of unique historical sources.  

A further problem in the metadata descriptions of field recordings is related to the 

lack of standardization. Due to the fact that the metadata descriptions often have a 

historical origin, and have been collected by many different field researchers, among 

which ethnomusicologists, missionaries and amateurs, who did not have standard 

methods for documenting. For Africa, there is an additional factor of complexity, 

namely that geographical names have often changed in history, usually due to 

colonization, decolonization and changes of governmental power. Sometimes it is very 

difficult to trace the exact location for old geographical names. As a result, not all 

recordings are equally well-documented. For some old field recordings even the most 

basic information is lacking, and one needs extensive historical research in order to 

have even a rough idea of the time and place where the music might have been 

recorded. But even recordings made by professional ethnomusicologists are sometimes 

not completely documented. In some cases, the documentation has been partially lost, 

another reoccurring problem is that the connection between the recording and the 

documentation is lost. Given the fact that knowledge about traditional music within oral 

cultures is vanishing under pressure of urbanization and westernization, the correct 

identification of music and its metadata descriptions, as well as the definition of its 

authenticity (in the digital context) becomes increasingly important. 

Finally, there is a problem of terminology. There can be different vernacular names 

for the same concept, instrument, and different researchers can use different terms for 

them. At this moment, the American Folklore Society and the American Folklife Center 

at the Library of Congress are constructing an ―Ethnographic Thesaurus‖, a 

comprehensive, controlled list of subject terms to be used in describing ethnographic 

and ethnological research collections (http://openfolklore.org/). As a striking example, 

Table 3 lists the 70 vernacular names for lamellophones in Congo DRC derived from the 

http://openfolklore.org/
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RMCA database. Table 4shows only a selection of the possible vernacular names 

throughout the African continent for the lamellophone. It reads like a Paul van Ostaijen 

poem.  

 

Table 3 List of 70 different vernacular names of the lamellophone in Congo DRC. 

 Akasayi   Endingiti   Kandu   Lisanzo likembe   Sansa  

 Alogu   Ensanswa   Kasayi   Lisanzo   Sanza  

 Chisaj   Enzenze   Katima Likembe   Losokia   Sanzo ababo  

 Chisanzhi   Erikembe   Kiliyo Likembe   Losokia   Sanzo apido  

 Dibung   Esanzo   Kisanji   Madaku   Tshisaasj  

 Dikembe   Gbe-kombi   Kisansi   Maduku   Tshisaji  

 Domo likembe   Ibeke   Kisanzi   Mang'baru Likembe   Tshisaji lungandu  

 Dudjimba   Ikembe   Kisazhi   Muchapata Likembe  Tshisaji mutshapata  

 Dungba   Ikumu   Kombi mbira   Nanga   Tshisaji  

 Dwaza pwa 

mukuma   Isandji (Bisandji)   Kundi   Neikembe   Tshisanji njia nsanzu  

 Ekebe   Isanga   Kyanya   Nelikembe  

 Tshisanji tshia 

mulundu  

 Ekembe   Isanzo likembe   Libongi   Ngombi  

 Tshisanji tshia 

muswaswa  

 Ekembe   Isen   Likembe   Omadjundje   Yengo 

 Ekepeti   Kadimba   Likembi  Omadjunju   

 

Table 4 Two examples of family related vernacular names throughout Central Africa for 
the lamellophone. 

Tshisaasj  Ngombi  
Tshisaji  Kombi  
Tshisanji  Kembe  
Chisanzi  Ekembe  
Sanzi  Ikembe  
Sanza  Dikembe  
Sansa  Likembe  
Esanzo  Kalimbe  
Issanji  Malimba  
Kisanzi  Irimba  
Kassandji  Ilimba  
Kassayo  Limba  

 

A final issue concerns the retrieval path that is different for different users. Three user 

groups were identified (Cornelis, 2009). The first and largest group are people who are 

just interested in African music, but do not have much knowledge about it. These users 

typically want to retrieve music using a rather vague and general labeling, such as 

―drumming‖, ―trance music‖ or ―some song from Rwanda‖. The second group consists of 

people that could be seen as ―insiders‖, people with a strong connection with, in our 

case, Central Africa. They often have a good knowledge of certain repertoires and 

functions of the music, and therefore they tend to ask very specific questions – such as 

music played by a specific performer, music from one particular village, lyrics, genres, 
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instruments – and they may well use local terminology. Finally, the third group of users 

consists of researchers who use it in their study. This group would typically tend to ask 

questions related to the geographical spread of certain types of instrument, or the 

relative importance of certain rhythmic or pitch, musical structures in different 

regions. In short, music information retrieval systems and applications have to take into 

account user groups with a broad range of different interests. Research in music 

information retrieval aims to develop new tools and find proper ways of dealing with 

the interests of specific user groups. To realize such, this requires a thorough empirical 

analysis of the needs, as well as the backgrounds of the users groups (Lesaffre, 2008). 

Conclusion  

In this chapter, the complex situation of ethnomusicology has been explained. Its 

delicate history, from the comparative musicology up to ethnomusicology and its 

expanding side disciplines. In this perspective, its strong methodological link with 

music information retrieval is given. But although its affinities, the pitfall of biased 

approaches lures: Western concepts and assumptions cannot straightforwardly be 

applied to non-Western music. The production and appreciation of music in oral 

cultures may be completely different from the way Westerners see music, with 

traditions of learning by listening and practicing, passing skills from father to son or 

from master to pupil. Besides the computational methodologies, the traditional 

approach of transcription has also been discussed. Several technical (r)evolutions 

changed the intentions and aims of the fieldwork of the ethnomusicologist, creating a 

different vision both on the cultures themselves, as on the approach of study. Anyway, 

transcription is not a straightforward discipline, and in spite of the ethnomusicological 

need to objectify its studied audio object, it suffers from a subjective perception of its 

annotator. Apart from these complex issues, the non-Western musical object does not 

fit very well in Western conceived digital libraries, and moreover lacks standardization 

in terminology. Many flavors, though only a scarce palette of labels.   
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Chapter 4 Scientific methodology 

This chapter details on the used methodologies for the scientific of the research. It 

starts with the summarized recapitulation of the point of departure derived from the 

research questions in previous chapters, and then expounds on the chosen methodology 

for both the pitch and tempo research.  

 

Starting point (recapitulation) 

The 21st century faces an immense shift towards digitization: old documents are 

converted into digital documents, and the majority of new documents are born-digital. 

Also most ethnic music archives have ongoing or finished digitization projects. These 

initiatives revealed the difficult challenge to provide detailed metadata descriptions for 

both contextual and content information. Former deals with issues concerning 

standardization, latter is mostly not available. However, such metadata is essential for 

the fast and correct retrieval of (digital) documents. It is thus of utmost importance that 

the content descriptions of the digital items are extensive, detailed and complete. The 

creation of new content with computational means is the main objective within the 

Music Information Retrieval (MIR) activities. For the case of ethnic music, it is primarily 

based on the analysis of the physical signal of the audio, that is converted into data 

strings. Generally MIR in ethnic music concerns processing, segmentation and labeling, 

often into symbolic information. The automation, fastness and accurateness of MIR 

tools is appealing for both individual songs as for large ethnic music archives. However, 

the MIR tools are optimized for Western music and its results could be biased. Therefore 

it is important to understand what is characteristic for ethnic music, how well the 

existing MIR tools perform on ethnic music, and how to adapt them to improve the 

outcome. 
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4.1 Pitch  

This part is mainly based on: 

Six, J., Cornelis, O., & Leman, M. (2013). Tarsos, a Modular Platform for precise Pitch Analysis of 
Western and non-Western music. Journal of New Music Research. 42 (2) pp.  113-129. 

Six, J. & Cornelis, O. (2011). Tarsos a Platform to Explore Pitch Scales in Non-Western and 
Western Music, in Proceedings of the 12th International Society for Music Information 
Retrieval Conference (ISMIR 2011). Utrecht, The Netherlands. 

Moelants, D., Cornelis, O., Leman, M., Gansemans, J., Matthé, T., de Caluwe, R., de Tré, G., Matthé, 
T., & Hallez, A. (2007). Problems and opportunities of applying data- and audio-mining 
techniques to ethnic music. Journal of Intangible Heritage, 2 pp. 57–69. 

4.1.1 Aim 

The goal is to try to develop an unbiased approach for the analysis of pitch in non-

Western music. Unbiased means that no predispositions towards a certain music theory 

or pitch organization are made. We list up some considerations that are needed for our 

framework: 

4.1.2 Concerns 

Pitch organization in oral musical traditions is a special case since there is no written 

music theory to fall back on. Instead, the pitch organization relies almost exclusively on 

musical practice, societal coherence, interpersonal influence, and individual musicality,  

and this has implications on how pitch gets organized. Although oral traditions often 

rely on a peculiar pitch organization, using a system of micro-tuned intervals, or that 

tunings may strongly differ from musician, instrument, or region. Pitch organization 

comes inherently with the presence of variation and local differences.  

Traditional Western music theory assumes that pitch is stable (e.g. vibrato is an 

ornament of a stable pitch), that pitch sequences can be segmented into notes, that 

pitches are based on octave equivalence, and that octaves are divided into 12 equal-

sized intervals of each 100 cents. These assumptions have the advantage that music can 

be straightforwardly reduced to symbolic representations, that is a written notation 

with pitch classes, time stamps and eventually dynamics and timbre indications, whose 

structures and properties can be studied at an abstract level. This reflects in the current 

MIR approach, where a tone is indeed conceived as an object with a single pitch that can 

be represented as a note and further processed on a symbolical level. However, music 

does not always consist of discrete pitch categories. This mainly western concept of 
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pitch as a discrete category, is too limited or even inappropriate in the context of non-

western music.  

Pitch distributions in non-Western music can differ radically from the Western octave 

divisions that uses 12 equal-sized intervals. For example, there are quartertones in 

Arabic music that contribute to nuances in melodic expression en ornamentation, there 

are different divisions such as pentatonic equidistant scales (that have 240 cents 

intervals), and there are micro scales that typify by a set of notes with different interval 

sizes. Such kaleidoscope of different possibilities of scales asks for a precise research 

environment to document the fine grained details of it. The presence of microtonal 

scales also has an impact on a higher conceptual organization of the music itself, for 

example, less harmonic organization, instruments with varying tuning, no harmonic. 

Another concern deals with the limitations of pitch extraction software, that is usually 

designed to extract pitch from a monophonic signal. For polyphonic recordings, the 

signal is a highly complex intertwined combination of signals where only few pitch 

extractors dare to deal with. However, the archival recordings that are available often 

contain polyphonic music. Such analysis of polyphonic recordings should therefore 

always be handled with care since current pitch detection algorithms are primarily 

geared towards monophonic signals. That means that one pitch candidate is assigned 

per bin, which could lead to incomplete results. It has to be mentioned that the given 

pitch candidate is the one that has the highest evidence, and is probably a correct 

annotation. For the extraction of tone scales, the single candidate policy on polyphonic 

recordings would rather lead to false negatives, and not to false positives. Vice versa, 

the use of a polyphonic pitch extraction tool, will induce false positives, since multiple 

candidates are considered for each bin, which is even for polyphonic music not always 

the case. The second case is more dangerous for constructing tone scales.  

To sum up, the study of pitch organization needs tools that go beyond the elementary 

concepts of the Western music theoretical canon, such as octave equivalence, stability 

of tones, equal temporal scale. Analyzing nuances of pitch organization in non-Western 

classical music, as well as in oral music cultures needs a flexible, open and unbiased 

approach where no predispositions towards a certain music theory or pitch 

organization are made. The computational system should generate a computational 

suggestion, and a flexible interface for adjustments and adaptations in the tone scales, 

with an auditory reference.   

4.1.3 Existing computational models for ethnic music 

Several computational studies have attempted to develop a proper approach to pitch 

distributions besides the commercial genres. A special mention goes to Sundberg and 
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Tjernlund, who developed already in 1969 an automated method for extracting pitch 

information from monophonic audio for assembling the scale of the folk instrument 

spilåpipa by frequency histograms (Sundberg, 1969). Bozkurt and Gedik build a system 

to classify and recognize Turkish maqams from audio files using overall frequency 

histograms to characterize the maqams‖ scales and to detect the tonic centre (Bozkurt, 

2010; Bozkurt, 2010). Maqams contain intervals of different sizes, often not compatible 

with the chromatic scale, but partly relying on smaller intervals. Moelants focuses on 

pitch distributions of especially African music that deals with a large diversity of 

irregular tuning systems and avoid a priori pitch categories by using a quasi continuous 

rather than a discrete interval representation (Moelants, 2007). Remarkable that some 

initiatives deliberately overrule the micro scales, in favor for the 12 western pitch 

classes, as do Chordia and Rae (Chordia, 2007). They acknowledge micro interval 

differences in Indian classical music, but reduce to a chromatic scale for the aim of 

similarity analysis and classification techniques. Several researchers, such as  Gómez 

and Bonada (2008), Li and Leman (2007) and Krishnaswhamy (2004) attempted to 

capture pitch contours and pitch gestures, which is not the intention of this research. 

4.1.4 Tarsos, in a nutshell 

From the framework built in the previous chapters, the requirements and necessary 

capacities for a computational approach for the pitch analysis of ethnic music, became 

clear. It led to a proposal for a four year research project that got funded by the 

University College Ghent. The aim was to attract a computer engineer who would 

develop the computational tool for analysis of ethnic music. The multidisciplinary 

approach that combines musicology and engineering was a fruitful (ad)venture, that led 

to the development of Tarsos. 

Tarsos is a computational tool for pitch extraction. Tarsos is a modular software 

platform to explore, extract, and analyze pitch organization in music. With Tarsos pitch 

estimations are generated from an audio signal and those estimations are processed in 

order to form musicologically meaningful representations. Tarsos aims to offer a 

flexible system for pitch analysis through the combination of an interactive user 

interface, several pitch estimation algorithms, filtering options, immediate auditory 

feedback and data output modalities for every step. To study the most frequently used 

pitches, a fine-grained histogram that consists of 1200 values per octave. This allows 

Tarsos to map pitch candidates in a appropriate rate as the jnd for pitch was established 

around 3 cents. Tarsos has a graphical user interface or can be launched using a batch 

script. Therefore, it is fit for both the analysis of individual songs and the analysis of 

large corpora. The tone scale is determined by peak detection which can be optimized 

by several filters and parameters that are available in the interface. Then an interval 
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table is created that shows all pitches and all intervals between the pitch classes. This 

table is most convenient for studying the interval structure. The scale is also projected 

on the keyboard for playing and experiencing the microtonal scales. The interface 

allows several visual representations. The extracted scale can be used immediately to 

tune a midi keyboard that can be played in the discovered scale.  

 

 

Figure 9 Official logo of Tarsos that refers to the typical African instrument the 
lamellophone, but also to its formerly long-bearded designer Joren Six. 

4.1.5 Requirements for a computational approach 

This sub chapter lists the requirements for a computational approach for the pitch 

analysis of ethnic music, that are implemented in Tarsos. 

No predispositions towards any music theory 

No predefined pitch classes 

Automated suggestion, option user-friendly modification 

Graphical layout between audio and symbolic level 
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Auditory feedback (implemented in all levels: wave, histogram, 

annotations, interval table, keyboard) 

Export functions in all levels (graphical, annotations, MIDI) 

Octave reduced and non-octave reduced visualization 

Automated peak detection  

Flexible adaptations (by adding, altering and deleting) 

Shift pitch data up and down 

Shift peaks up and down 

Display for interval distance by interval table 

Flexible layout (interchangeable display organization) 

Zoom function in time range 

Zoom function in frequency range 

View on pitch annotations 

Steady state filter 

Implementation (and selection) of different pitch extractors 

Playback options 

Selection of fragment 

Selection in frequency (band pass) 

Live function  

MIDI dump to keyboard 

Beat annotation on top of the pitch annotations (beta) 

Layered visualization of frequencies and pitch annotation (beta) 

Segmentation tool (beta)  

4.1.6 Tarsos, inner workings 

Figure 10 shows the detailed block diagram and general flow of information within 

Tarsos. An audio file, in any digital format, can be selected to generate pitch 

estimations. Tarsos is provided with several, external and internal, pitch estimators. 

Currently, there is support for the polyphonic MAMI pitch estimator (Clarisse, 2002), 

any VAMP plug-in (Cannam, 2010), and platform independent implementations of pitch 

detection algorithms YIN (de Cheveigné, 2002) and MPM (McLeod, 2005). The selected 

pitch extraction algorithm leads to a set of pitch estimations, which can be represented 

in different ways. Several types of visualizations can be created, which lead, step by 

step, from pitch estimation (annotations) to pitch distribution (histogram) and scale 

representation (interval table). In all these graphical representations the cent unit is 

used.  
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Figure 10 Detailed block diagram representing all the components of Tarsos, from input to 
output, from signal level to symbolic level. All additional features (selection, filtering, listening) 
are visualized. 

 

A first type of visualization are the annotations, as a Melograph representation. In this 

representation, each estimated pitch is plotted over time. The ensemble of the 

annotations creates the pitch contour of the analyzed song. It also suggests the tessitura 

of the piece, and often instruments with different tessitura can be separated. A second 

type of visualization is the pitch histogram, that shows the pitch distribution regardless 

of time. All the annotations are clustered into a pitch histogram by assigning each pitch 

estimation to a bin between 0 and 14.400 cents, spanning 12 octaves. The height of a 

peak represents the total number of occurrences of a particular pitch in the selected 

audio. A third type of visualization is the pitch class histogram, which reduces the pitch 
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distribution to one single octave. A peak thus represents the total duration of a pitch 

class in a selected block of audio, regardless of its tessitura.  

Peak detection is performed on the pitch class distribution. The peak detection 

algorithm calculates for each position the average height in a local window. The local 

height scores are ordered starting from the peak with the highest score. If a peak is 

detected, neighboring peaks within a chosen window of the current peak are removed. 

Peaks with a local height score lower than a defined threshold are ignored. Since we are 

looking for pitch classes, the window wraps around the edges which makes for example 

the difference of 20 cents between 1190 cent and 10 cents. With the user interface, 

manual adjustment of the automatically identified peaks is possible. The settings can be 

chosen by the user, and can be adapted by a slider in the interface. The peak detection 

selection changes immediately. This provides, besides the first automated suggestion, 

an easy and fast mode to quickly browse through several peak detection result 

candidates. When peaks in the pitch class histogram are not well-defined, the 

automated peak detection may need further manual inspection and manual fine-tuning. 

In order to correctly identify a songs‖ pitch organization, a(ny) peak can be can be 

added, moved, or deleted. This crucial step of peak detection on the pitch distribution 

turns the signal-based continuous data into discrete, symbolic data. 

Once the pitch classes are identified, a pitch class interval matrix can be constructed. 

This is the fourth type of representation, displayed as a table, namely the pitch class 

interval matrix. It represents at the top line the selected pitch classes, and shows the 

intervals between the pitch classes in the succeeding rows. 

The user interface was specifically designed to have a flexible environment where all 

windows with representations communicate their data immediately. Tarsos has the 

attractive feature that all actions are updated for each window in real-time. The second 

important feature of the interface allows that it is possible to click anywhere on the 

pitch histogram and the pitch class histogram in order to verify the assigned pitch 

classes by listening. This action does send a midi-message with a pitch bend to 

synthesize a sound with the pitch that corresponds to the clicked location. The pitch 

class interval matrix that shows all pitch class intervals, is also interactive. By clicking a 

pitch or an interval, the pitch class, or two pitch classes that create the interval, are 

triggered and play that pitch/interval. The dynamics of the process and the 

combination of both visual and auditory clues, makes it possible to manually adjust and 

refine peak detection, until the tone scale is finalized. The graphical display of a piano 

keyboard in Tarsos allows us to play in the (new) scale. This feature can be executed on 

a computer keyboard as well, where notes are projected on the keys of the keyboard. 

Any of the standard midi instrument sounds can be chosen.  
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4.1.7 Tarsos, extra features 

It is possible to shift the pitch class histogram up- or downwards. The data is then 

viewed as a repetitive, octave based, circular representation. In order to compare scales 

of different songs, it is possible to upload a previously detected scale and shift it, to find 

a particular fit. This can be done by hand, exploring all possibilities of overlaying 

intervals, or the best fit can be suggested by Tarsos by command line option. 

Tarsos has several filter options built in. The most obvious ―filter‖ is to select only an 

interesting time-span and pitch range.. Three filters are implemented in Tarsos. 

Selection in time is possible using the waveform view. For example, the aim could be a 

comparison of pitch distributions at the beginning and at the end of a musical piece, to 

reveal whether for example, a choir lowered or raised its pitch during a performance. 

Selection in pitch range is possible and can be combined with a selection in time using 

the melograph visualization. One may select the melodic range so as to exclude pitched 

percussion, and this could yield a completely different pitch class histogram. This 

feature is practical, for example when a flute melody is accompanied with a low-pitched 

drum and when you are only interested in flute tuning. With the melograph 

visualization, it is also possible to zoom in on details of just one or two notes, which is 

interesting for studying pitch contours.  

The pitch distributions can be manipulated using filters and peak detection criteria. 

The first filter is the estimation quality filter. It simply removes pitch estimations from 

the distribution below a certain quality threshold. Using YIN, the quality of an 

estimation is related to the periodicity of the block of sound analyzed. Keeping only 

high quality estimations should yield clearer pitch distributions. The second filter is 

called a near to pitch class filter. This filter only allows pitch estimations which are near to 

identified pitch classes. The pitch range parameter (in cents) defines how much 

ornamentations can deviate from the pitch classes. The third filter is a steady state filter. 

The steady state filter has a time and pitch range parameter. The filter keeps only 

consecutive estimations that stay within a pitch range for a defined number of 

milliseconds. The default values are 100 ms within a range of 15 cents. The idea behind 

it is that only ―notes‖ are kept and transition errors, octave errors and other short events 

are removed. 

Tarsos contains export capabilities for each step, from the raw pitch estimations until 

the pitch class interval matrix. The built-in functions can export the data as comma 

separated text files, charts, TEX-files, and there is a way to synthesize estimations. Since 

Tarsos is scriptable, there is also a possibility to add other export functions or modify 

the existing functions. For pitch class data, there is a special standardized text file 

defined by the Scala program. The Scala file format has the .scl extension. Scala contains  

a dataset of over 3900 scales ranging from historical harpsichord temperaments over 

ethnic scales to scales used in contemporary music. Recently this dataset has been used 
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to find the universal properties of scales (Honingh, 2011). Tarsos can also parse Scala 

files, so that comparison of theoretical scales with tuning practice is possible. This 

feature is visualized by the upwards Scala arrow. When a scale is overlaid on a pitch 

class histogram, Tarsos finds the best fit between the histogram and the Scala file. 

4.1.8 Real-time capabilities 

Tarsos is capable of real-time pitch analysis. Sound from a microphone can be analyzed 

and immediate feedback can be given on the played or sung fragment. This feature 

offers some interesting new use-cases in education, composition, and ethnomusicology. 

For educational purposes, Tarsos can be used for example, to practice the singing of 

quarter tones. Not only the real time audio is analyzed, but also an uploaded scale or 

previously analyzed file can be listened to by clicking on the interval table or by using 

the keyboard. Singers or string players could use this feature to improve their 

intonation regardless of the scale they try to reach. For compositional purposes, Tarsos 

can be used to experiment with microtonality. The peak detection and manual 

adjustment of pitch histograms allows the construction of any possible scale, with the 

possibility of setting immediate harmonic and melodic auditory feedback. The use of the 

interval table and the keyboard make experiments in interval tension and scale 

characteristics possible. In the artistic part of this research, several experiments were 

undertaken. Musicians can tune (ethnic) instruments according to specific scales using 

the direct feedback of the real-time analysis. Because of the midi messages, it is also 

possible to play the keyboard in the same scale as any instruments at hand. In 

ethnomusicology, Tarsos can be a practical tool for direct pitch analysis of various 

instruments. 

4.1.9 Tarsos pitfalls  

Tarsos based pitch analysis should always be handled with care. The following three 

recommendations must be taken into account: first of all, one cannot extract scales 

without considering the music itself . Pitch classes that are not frequently used, won‖t show 

up clearly in a histogram and hence might be missed by automated tools. Also not all 

music uses distinct pitch classes: the Chinese and Indian music traditions have been 

mentioned before. Because of the physical characteristics of the human voice, voices 

can glide between tones, which makes an accurate measurement of pitch not 

straightforward. It is recommended to zoom in on the estimations in the melograph 

representation for a correct understanding. Vibrato, for example makes pitch go up and 

down centered around a single pitch class. This singing ornamental style can easily be 

seen in the melograph representation, but would suffer from the use of filters such as 
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steady state and near to pitch class. Secondly, analysis of polyphonic recordings should be 

handled with care since current pitch detection algorithms are primarily geared towards 

monophonic signals. Analysis of homophonic singing for example may give incomplete 

results. It is advisable to try out different pitch extractors on the same signal to see if 

the results are trustworthy. Finally, Schneider recognizes the use of ―pitch  categories‖ 

but warns that, especially for complex inharmonic sounds, a scale is more than a one 

dimensional series of pitches and that spectral components need to be taken into account 

to get better insights in tuning and scales (Schneider, 2001). Indeed, in recent years, it 

became clear that the timbre of tones and the musical scales in which these tones are 

used, are somehow related (Sethares, 2005). The spectral content of pitch (i.e. the 

timbre) determines the perception of consonant and dissonant pitch intervals, and 

therefore also the pitch scale, as the latter is a reflection of the preferred melodic and 

harmonic combinations of pitch. Therefore, the annotated scale as a result of the 

precise use of Tarsos, does not imply the assignment of any characteristic of the music 

itself. It is up to the user to correctly interpret a possible scale, a tonal centre, or a 

melodic development. 

4.1.10 Into the scales 

This chapter outlines the methodology of our first study on the content of the tone 

scales, namely about the used intervals and their evolution over time. It is mainly 

deduced from the proceedings paper “Exploring African tone scales” presented at ISMIR 

2009.  

In this case study, we choose to work with monophonic music, since it guaranteed a 

better pitch extraction. Therefore, only one pitch candidate had to be assigned, which 

was the one with the highest probability for every 10 ms, at least if this probability was 

higher than a minimal threshold. The detailed methodology for pitch extraction and 

peak detection can be found in previous chapters, and is not sketched here again. There 

was however a manual optimization of the parameters used for the pitch extraction. 

Where in Tarsos this can be adapted for each individual song, we preferred a standard 

default in that perspective that all audio files were analyzed in a identical way. The 

manually optimized parameters can be found in Table 5. 
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Table 5 Manually fiddled parameters for peak extraction on the subset of 901 songs. 

Parameter  Definition Value 

Places number of lines in the input file 1200 cents 

Peakradius width of the peaks 30 cents 

Overlap tolerated overlap between peaks 0.25% 

Accept maximal proportion: volume peak without 

overlap/volume peak with overlap 

25 

Volfact minimal volume of a peak: Volfact average height of 

histogram x peakradius 

Heightfact minimal height of a peak: Heightfact average height of the 

histogram 

 

For this study, we used a selection of 901 audio files. In order to be sure to get a selection 

that consists only of music that uses a relatively fixed tone scale (and not e.g. music for 

percussion ensemble), we extracted music using four common types of musical 

instruments: musical bow (N = 132), zither (N = 134), flute (N = 385) and lamellophone (N 

= 250). The selection was limited to music described in the database as solo 

performances, mostly they contain only the sound of the instrument, in some cases the 

performer also sings, accompanying him/herself on the instrument. 

Since the metadata from the RMCA is digitized and available, we get a large number 

of data fields from different categories: identification (number/id, original carrier, 

reproduction rights, collector, date of recording, duration), geographic information 

(country, province, region, people, language), and musical content (function, 

participants, instrumentation). Not for every recording all these fields are available, and 

often these data cannot be traced, as a large part of the collection is made up of unique 

historical sources.  

For the subset we coupled the results of the pitch and scale analysis with the 

metadata from the RMCA, such as instrumentation, geographical information or date of 

recording. This can give us valuable information on the use of certain scales, such as 

geographical spread or evolution through time. As the current selection of pieces is 

relatively small, we used broad categories for the geographical origin (West-Africa, 

Southern Africa,…) and the recording time (before 1960, between 1960 and 1975, after 

1975). This paper tried to pinpoint some characteristics for the subset of 901 audio files. 

All results can be found in chapter 5.1.1 This chapter contains both analyses of the 

global subset as described above, as analyses of individual songs found in the RMCA 

archive. 
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4.2 Tempo 

This chapter is mainly based on the publication: 

Cornelis, O., Six, J., Holzapfel, A., & Leman, M. (2013). Evaluation and Recommendation of Pulse 
and Tempo Annotation in Ethnic Music. Journal of New Music Research. 42 (2) pp. 131-
149. 

4.2.1 Aim 

The research on tempo is part of the preliminary steps towards the development of a 

computational approach for analysis of temporal elements in ethnic music. We have set 

up an experiment to determine how automated tempo estimation approaches perform 

in the context of Central-African music. To this end we collect human beat annotations 

for a set of 70 musical fragments, and compare them with automatic beat tracking 

sequences. The overall aim of this study is to see to what extent meaningful results can 

be expected from the automatic tempo analysis of Central- African music. Both human 

annotations, and the output of a set of beat trackers were compared to discover insights 

in the tempo estimations results, in the computational potential, and in some 

perceptual phenomena themselves. A useful byproduct of this research could be a new 

way to identify ethnic music with ambiguous tempo relations and reveal information of 

a higher metrical hierarchy: from beats to meter. 

Our goal is to explore whether a set of 17 automatic beat trackers and tempo 

estimators (i) can be used as a tool for extracting tempo from Central-African musical 

audio, (ii) can give insight into the ambiguity of tempo perception, (iii) can detect 

problematic cases for tempo annotation, and (iv) if it can provide information about a 

higher metrical level.  

4.2.2 Concerns 

The temporal organization of ethnic music can be fundamentally different from the 

Western standards. A first issue to be aware of is the relationship between meter and 

rhythm. Instead of working with regular accentual patterns that define meter, several 

musical cultures work with patterns that have an irregular rhythmic structure. The 

application of metric grids (binary and ternary) onto these temporal structures is 

possible, but it may lead to a simplification of the real underlying rhythmic structures. 
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The detection of the relevant rhythmic patterns often implies knowledge of the 

specificities of the time organization in the musical repertoire one is studying. For 

example, Indian music works with a complex multilayered metric system in which the 

basic units (bols) are connected with syllables. These units each have their own specific 

sound characteristics, which can be recognized and labeled using the syllables as a first 

level of analysis (Gillet, 2003). Because of the complexity of higher metrical structures 

and the required prior knowledge, we will first focus on the lower-level feature pulse. 

Especially in the concept of the ―fastest pulse‖ as basis for temporal research is taken as 

starting point. 

Another issue that can be problematic in the study of temporal structures in ethnic 

music is ambiguity. Traditionally, tempo and meter detection systems start from the 

assumption that every piece of music can be classified in one single category, according 

to meter or tempo. The perception of the beat by different listeners can be different. In 

some styles of ethnic music, ambiguity is an essential part of the rhythmical structure, 

and the interpretation of the meter is connected with associated body movements 

(Phillips-Silver, 2008; Naveda, 2009). Several MIR researchers have addressed the above 

topics. Pikrakis and co-workers (Pikrakis, 2004; Antonopoulos, 2007) use self-similarity 

matrices as part of their technique for determining and selecting repetitive structures 

in music. Thus they do not start from a fixed binary-ternary framework, which also 

allows them to classify irregular rhythmic structures, such as asymmetric meters found 

in Greek popular music or African rhythmic cells. Together with Aggelos Pikrakis we 

extrapolated this idea onto Central-African music from the RMCA, as is shown in 

Figure 11 and Figure 12. These visualizations clearly show several metrical levels, as the 

fastest pulse and metrical hierarchy. Figure 11 shows a binary song, with a clear grid of 

related tempi. The other example (Figure 12) contains a famous timeline, mentioned 

before (Figure 8), that has a asymmetrical structure. The graph clearly shows the fastest 

pulse and at the same time indicates the importance of the five and seven component in 

the pattern. For this further research, the intentional use of a set of beat trackers, is 

specifically connected to the idea of (possible) ambiguity in ethnic music. It‖s the 

authors surreptitious hope that this would unveil some aspects of the ambiguity in 

Central-African music. 
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Figure 11 Example of Pikrakis‖ methodology for revealing the metrical hierarchy in an 
African song, with strong binary relationship. 

 

Figure 12 Example of Pikrakis‖ methodology for revealing the metrical hierarchy in an 
African song, with strong binary pulsation, but also strong elements on 5 and 7, 
introduced by the timeline pattern described in Figure 8. 
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Wright and Tzanetakis introduce a template-based method for tempo tracking in Afro-

Cuban music, which starts from the typical rhythmic pattern found in the claves 

(Wright, 2008) The proposed visualization is based on the idea of the rotation-aware bar 

wrapping, which is the breaking and stacking of a linear time axis at a fixed metric 

location. Each bar is then stretched horizontally achieving an equal scaled length of the 

percussive pattern showing clearly all deviations of the rhythm on micro-level 

(Figure 13). This approach is suitable for the analysis of the micro-timing of claves in 

rumba, but cannot be transferred easily into other styles of ethnic music or onto other 

musical instruments, as some conditions on which the method relies such as the 

consistent timbre of the instrument, the constant and persistent rhythmic pattern are 

unique to a specific style of music. Circular representation is an interesting option for 

the display of ostinato patterns, as performed by David Locke in the representation of 

Agbekor polyrhythm from the Dagomba in Ghana. It is inherently present in the 

structure of a song using such pattern, and would ease on out the issue of the actual 

beginning of the pattern, since in African music the first beat is often unveiled, causing 

a listeners phase shift.  

 

Figure 13 Bar wrap notation of a rhythmic rumba pattern. The figure depicts the time onsets 
organised per bar. The straight lines show the theoretical clave locations. The 4th 
clave note is consistently slightly earlier than the theoretical location, while the 
5th clave note is consistently slightly later than the theoretical location. 

 

Figure 14 Claves pattern in symbolic notation. 



 

 65 

4.2.3 Setup experiment  

In order to be able to evaluate the performance of the 17 beat trackers, we compare 

them with the performance of 25 professional musicians, who manually annotated the 

beat for 70 audio fragments. The results of both human and computational annotations 

are analyzed and compared with each other. The goal is to see how large the variability 

is in both sets of annotations (automatic and manual) and whether ambiguity in human 

annotations implies ambiguity in computational annotations, and how well the two 

match. 

 

Procedure: Tap along 

Tempo annotation is the ascription of a general tempo to a musical piece, expressed in 

beats per minute (BPM). Beat synchronization is the underlying task for the 

identification of a basic pulse from which the tempo is derived. Subjects were asked to 

tap to the most salient beat of the audio fragment. For each tap annotation containing 

taps at the time instances t1, ..., tN (s), we obtain a set of N − 1 inter-tap distances D = d1, 

..., dN−1 (s). Then, a tempo in BPM is assigned to the piece by calculating the median of 

60/D. The experiment was done on a laptop with the subjects listening to the audio 

fragments on headphones while tapping on the keyboard space bar. Since manual 

annotation of tempo is an intense and time consuming task, the data was recorded in 

two sessions with a small pause in between. Subjects could restart any fragment if they 

had doubts about their annotation. The number of retries and the tapping data for each 

retry were recorded together with the final tapping data. All the data was organized and 

recorded by the software Pure Data. To ensure that the data is gathered correctly a test 

with a click track was done, with the interval between the clicks being constantly 500 

ms. The average tapping interval was 499.36 ms, with a standard deviation of 20ms. The 

low standard deviation implies that the measurement system has sufficient granularity 

for a tapping experiment. The 70 fragments were chosen from the RMCA archive. It was 

attempted to cover a wide range of tempi and to include only fragments without tempo 

changes. The songs contained singing, percussion, and other musical instruments, in 

soloist or in group performances. This set of 70 stimuli will be referred to as fragments 

in the subsequent sections. 

 

Participants: Musicians 

The experiment was carried out by 25 participants. All of them were music students at 

the University College  Ghent – School of Arts (Belgium), who were expected to play, 

practice, and perform music for several hours a day. The group consisted of 14 men and 

11 women, ranging in age from 20 to 34 years. 
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Software 

Automatic tempo analysis was done on the stimuli by a set of 17 beat trackers and 

tempo estimation algorithms (see Appendix B). Within the Music Information Retrieval 

community automated tempo estimation and beat tracking are important research 

topics, which explains the large amount of available algorithms. While the goal of the 

beat trackers is usually the estimation of a tempo value in BPM, the tempo estimation 

algorithms aims at estimating a sequence of time values that coincides with the beat of 

the music. Beat tracking and tempo estimation are applied in diverse applications, such 

as score alignment, structure analysis, play-list generation, and cover song 

identification. This paper however does not compare or evaluate such algorithmic 

approaches. For these matters, please refer to Gouyon et al. (2006), Zapata and Gómez 

(2011), and the yearly MIREX competition . All parameters for each algorithm were left 

on the default values and no adaption to the stimuli was pursued. Some algorithms only 

give an ordered list of tempo suggestions (Beatcounter, Mixmeister, Auftakt), here only 

the primary tempo annotation was considered. For the beat tracking algorithms, a 

tempo estimation was derived from the beat sequences in the same way as for the 

human taps. To be able to compare the results of the automatic tempo analysis with the 

human annotations, the same stimuli were used as in the first experiment. 

 

Comparison: Measuring beat sequence/annotation agreement 

Recently, a method based on mutual agreement measurements of beat sequences was 

proposed by  Holzapfel (Holzapfel, 2012). This method was applied for the automatic 

selection of informative examples for beat tracking evaluation. It was shown that the 

Mean Mutual Agreement (MMA) between beat sequences can serve as a good indicator 

for the difficulty of a musical fragment for either automatic or human beat annotation. 

A threshold on MMA could be established above which beat tracking was assumed to be 

feasible to a subjectively satisfying level. For the beat sequence evaluation in this paper, 

five out of the 17 algorithms were selected (Klapuri, 2006; Dixon, 2007; Ellis, 2007; 

Oliveira, 2010; Degara, 2011). Comparing beat sequences is not a straightforward task; 

two sequences should be considered to agree not only in the case of a perfect fit, but 

also in the presence of deviations that result in perceptually equal acceptable beat 

annotations. Such deviations include small timing deviations, tempi related by a factor 

of two, and a phase inversion (off-beat) between two sequences, to name only the most 

important factors that should not be considered as complete disagreement. Because of 

the difficulty of assessing agreement between beat sequences, various  measures have 

been proposed that differ widely regarding their characteristics (Davies, 2009). In this 

research, we restrict ourselves to two evaluation measures that are suitable for the two 

tasks at hand, which are spotting complete disagreement between sequences and 

investigating the types of deviations between sequences. 
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Conclusion 

This chapter detailed on the methodology used in this research for pitch and tempo. For 

pitch a thorough description is given on the design that has led to the development of 

our software Tarsos: the context is sketched, the requirements for automated pitch 

analysis are given, en Tarsos is presented. For the research on tempo, the set-up of a 

tapping experiment is given. The aim of the experiment is to compare human and 

computational tempo annotations, to see whether a computational approach can be 

developed for the annotation of tempo in ethnic music.  
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Chapter 5 Scientific results 

In this chapter, we describe the results of the research on pitch and tempo. The first 

part details on scale evolutions over time, and continues with a series of individual case 

studies exploring the diversity of tone scales. The second part summarizes the 

comparison between human and computational tempo annotations. 

5.1 Pitch 

This part is partly based on the publications: 

Six, J., Cornelis, O., & Leman, M. (2013). Tarsos, a Modular Platform for precise Pitch Analysis of 
Western and non-Western music. Journal of New Music Research. 42 (2) pp.  113-129. 

Cornelis, O., & Six, J. (2012). Revealing and Listening to Scales from the Past; Tone Scale Analysis 
of Archived Central-African Music Using Computational Means. In: Proceedings of the 
2012 Conference for Interdisciplinary Musicology (CIM 2012). 

Six, J. & Cornelis, O. (2011). Tarsos a Platform to Explore Pitch Scales in Non-Western and 
Western Music, in Proceedings of the 12th International Society for Music Information 
Retrieval Conference (ISMIR 2011). Utrecht, The Netherlands. 

Six, J. & Cornelis, O. (2011). Tarsos Automated Tone Scale Extraction Applied to African Oral 
Music Traditions,  In : International Workhop of Folk Music Analysis (FMA2011), Athene, 
Greece. 

Moelants, D., Cornelis, O., & Leman, M. (2009). Exploring African tone scales. In Proceedings of the 
10th International Symposium on Music Information Retrieval (ISMIR2009), Kobe, Japan, 2009, 
pp. 489-494. 

5.1.1 General results 

The study of the intervals in the subset of 901 monophonic audio files, presented at 

ISMIR 2009, delivered several interesting insights in the tone scale organization of 

Central-African music. In the preceding chapters, we established a viewpoint about 

scale organization in Sub-Saharan that implies that i) there is no fixed theoretical 

framework concerning pitch, ii) that there is a large variety of scales is in use, and that 
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iii) these scales use intervals that do not conform to the European chromatic scale 

(Kubik, 1994; Brandel, 1961). A standardized tuning system or culture-specific 

classification system therefore, has not been established for Central-African music.  

In our research, we could create an elaborate view on scales and temperaments in 

African music, using the described automated analysis. We noticed, conform the 

expectations, the large variability of scales in the set of 901 audio files, but even within 

that kaleidoscope, some trends and issues merged. The main focus of this research was 

to study if the scales had any changes or evolutions over time. To do so, the set was 

subdivided into three time periods, namely songs recorded before 1960, songs between 

1960-1975, and songs after 1975. 

The first striking evolution that we noticed, concerns the number of used pitch 

classes per song, that is the number of different notes in the musical scale of a song. 

Figure 15 visualizes the distribution of songs per number of pitch classes used, for each 

of the three time periods. It clearly shows that there is an evolution, namely that in 

recent recordings scales tend to consist of more tones than the older songs of the set. 

The hexatonic and heptatonic scale become relatively more important, while the 

number of pentatonic and tetratonic scales diminishes. The division in two oldest 

subsets is quite similar, but the third time period, after 1975, shows the explicit change. 

There is a shift towards scales with more pitch classes in the more recent music. This 

could be seen as a Western influence, where scales usually are organized along a 

heptatonic scale, but our method of analysis does not intend to make causal relations.  

 

Figure 15 Bar chart representation with the distribution of used pitch classes per song over 
time. 
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For a detailed insight view on the interval organization, we created so called ―interval 

vectors‖ that are typically used in the analysis of 20th century Western classical music to 

express the intervallic content of a pitch-class set (Forte, 1973). For the analysis of a 

Western chromatic scale, interval vectors are limited to an array of six numbers, 

expressing the amount of occurrences of each possible (collapsed) pitch interval (thus 

from a minor second to a triton). Due to the specific interval sizes found in the intervals 

of African scales, this reduction to six numbers is not possible, or it would reduce 

essential content information. Therefore, according to the cent division of the octave 

into 1200 parts, the maximum interval size for the interval vector is set at 600 cents 

(that corresponds with a triton or half an octave). Because of the limited size of the set, 

we had to group the interval vector into bins of 5 cents to allow a representative 

number of candidates in each bin, slightly above the jnd that was established earlier. For 

this analysis, it provided an interval vectors of still 120 elements.  
 

 

Figure 16 Distribution of all annotated intervals from the 134 zither recordings in an 
interval vector expressed in cents. 

When we overlook the distribution of all the annotated intervals from the 134 zither 

recordings in an interval vector (Figure 16), each bin has several candidates, and the 

distribution seems wide spread, but a closer study reveals zones of pitch classes that 

seem to occur more often. Two zones are remarkable, that is the fourth (which of course 

is also the fifth in this reduced interval vector) and the major second. But also the major 

third and minor second are present. But also some other zones are populated, e.g. the 
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intervals around 240 cents, not unexpectedly, since that specific interval strongly refers 

to equidistant pentatonic scales of which 240 cents is the basis interval (as is the 100 

cent interval in chromatic Western music). But when we split the data along the three 

dedicated time zones (Figure 17, then it becomes especially interesting that a shift in 

interval classes appears over time. The oldest recordings display a large percentage of 

intervals around 220-260 cents, which is the referring to the equidistant pentatonic 

scales, and have broad zone around 500 cents which is the cumulative of twee ―large 

seconds‖. And since we work with an interval vector, this is also represents the zone 

around the fifth. It is typical for the pentatonic equidistant scale that the fifths are 

rather large, theoretically 720 cents. Also zones of recurring intervals are 180 and 340 

cents, these lean towards the equidistant heptatonic scale where 1200/7 generates 

intervals of 170 cents. Three times 170 also generates intervals around 510 cents. When 

we then, contrastively, overview the third time period - the subset recorded after 1975 -, 

we notice that pitch classes are more demarcated. There are five global peaks in the 

interval vector, and they are nearly coinciding the multiples of 100 cents. The main 

pitch classes are to be found around 100, 200, 300, 400, and 500 cents. The apparent shift 

of pitch classes is a movement towards the Western equal tempered tone scale, This is, 

besides the preference of scales with more tones, a second indication of Westernization 

in the music of Central-Africa.  

For the entire set of 901 recordings, a similar evolution can be tracked. The interval 

class distributions are now expressed in percentages, showing their relative share 

towards all the intervals. Table 6 focuses on the five Western intervals by taking the two 

bins around the theoretical interval (e.g. 95-105 cents for the minor second, 195-205 

cents for the major second). If we now consider the three time periods for the whole set, 

the same trend is clear: recent recordings having a tendency to use more intervals 

corresponding to the Western equally-tempered scales. We see that the share of the 

equal-tempered intervals almost doubles in the recordings after 1975. The change is 

especially remarkable for the major seconds and the pure fourths/fifths. Only for the 

minor third there is no increase noticeable. 

 A detailed view on the area in which pure fourths and fifths are found reveals an 

interesting evolution. The main peak around the fourth seems to shift from 530 cents in 

the earliest recordings, to 515 cents in the middle period, to end up at 500 cents in the 

most recent recordings. This possibly also indicates a gradual evolution to a Western 

pure-fifth based tuning. 
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Figure 17 Distribution of the annotated intervals from the 134 zither recordings in an interval 

vector split in three time periods: before 1960, between 1960-1975, after 1975. 
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Table 6 Relative share (in %) of intervals around the Western equally-tempered intervals, 

for three recording time periods, clustered in bins of 10 cents. 

Inter val <1960 1960-1975 >1975 

Min. 2nd 1.46 1.87 2.20 

Maj 2nd 1.57 1.71 5.20 

Min. 3rd 2.26 3.39 2.84 

Maj 3rd 1.25 1.28 2.78 

4th/5th 2.55 2.56 5.31 

SUM 9.10 10.81 18.33 
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5.1.2 Individual case studies 

For a more thorough understanding and better insight in the African scale organization 

and pitch behavior, a series of detailed analyzes of individual songs have been listed 

below, each with a brief explanation. Most of them can be found in the publications as 

well, but also new ones are added. 

5.1.2.1 Pentatonic equal temperament  

Recording MR.1954.1.19-4 

This song has also been recorded during the Scohy-Stroobants mission, but originated in 

another region in Burundi. It is a piece for flute, and, due to the harmonic spectrum of 

the instrument, it allows a precise analysis of the scale. The intervals annotated for this 

song were approximately belonging to the same interval class. The intervals detected 

are 210, 234, 246, 252, and 258 cents. This song utilizes a scale that approaches a 

pentatonic equal-tempered scale. In theory this scale consists of 5 intervals of 240 cents, 

but in this example there are three smaller and two larger intervals. These differences 

are audible but are very small. The fifths in this piece are all rather large, ranging from 

708 to 738 cents, which is a consequence of the pentatonic equal-tempered scale. In this 

song mirrored intervals occur, evidently a natural quality of an equal-tempered scale. 

 

Figure 18 MR.1954.1.19-4 is played on a flute build to approaches a meantone tuning with 
five pitch classes. This results in rather large fifths of 708 and up. 

 

 

 



 

76 

Recording MR.1976.25.3-A2 

This piece has been recorded in 1972 in Nigeria and contains the performance of two 

xylophone players, one musician is playing as soloist, the other plays the 

accompaniment. The second part of the recording is enriched with singing. This style of 

music is brought as dance music that announces the change of the seasons. The metallic 

sound of the instruments allows a perfect annotation that in this case shows a very nice 

example of a pentatonic meantone tuning. It has the intervals: 246, 246, 240, 240, 228 

cents. As a consequence all fifths are, on average, 720 cents. Due to the equal division all 

intervals can of course be mirrored. The recordings made in this region all used a rigid 

pentatonic meantone scale organization. 

 

Figure 19 MR.1976.25.3-A2 a xylophone song with an almost perfect equally divided 
pentatonic tone scale. Due to the rigid division the fifths are rather large. 
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5.1.2.2 Pentatonic not equal temperament  

Recording MR.1954.1.18-4  

This song, recorded in 1954 by missionary Scohy-Stroobants in Burundi, is performed by 

a singing soloist, Leonard Ndengabaganizi. It is clearly a pentatonic scale, however it is 

an entirely different kind of pentatonism; while the previous examples distinguished 

themselves by an regular division, the detected intervals here are respectively 168, 318, 

168, 210, and 336 cents; a pentatonic division that comprises small and large intervals, 

rather than an equal tempered division.  The scale characterizes by two intervals of 168 

cents, one major second, and two nearly pure minor thirds. The interval of 168 cents is 

near the neutral second, which has a distinct role in the music from the Middle-East. 

The interval relations contain some particularities: The construction of the different 

intervals does create the presence of three fifths. One of the three fifths is constructed 

by a nearly pure minor third (318 cents) and a pure major third (that lies between the 

intervals 168 + 210 = 378 cents). Another aspect that needs attention, is the interesting 

mirrored set of intervals that is present: namely 168-318-168. This phenomena is 

visualized in Figure 20 and has been encountered several times in the RMCA archive. It 

might be a constructive element to build a scale around a mirrored set of intervals. It 

could well be the result of an unconscious cognitive process, or just for execution 

purposes easier achieved.  

 

Figure 20 MR.1954.1.18-4 uses an unequally divided pentatonic tone scale with mirrored 
intervals 168-318-168, indicated on the pitch class histogram (horizontal axis 
visualizes the octave reduced view). Also indicated is a near perfect fifth 
consisting of a pure minor and pure major third. 
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Recording MR.1961.4.17-6 

Recorded in Rwanda in 1954, MR.1961.4.17-6 withholds a song by Bizuru, an important 

musician who regularly played at the royal court in Rwanda and died in 1955. The song 

displays the love story between a Rwandese woman and a European man, Longo Longo, 

an administrator whose original name was Mr. Borgers. The chant, inspired on a song 

from cither players from Mulera, is brought on umuduri (musical bow) and singing. The 

scale is pentatonic containing following intervals: 324, 204, 180, 319, and 174 cents; thus 

three smaller intervals and two larger that linger around the pure minor third. A pure 

major third lies in between these two minor thirds (the two smaller intervals 204+180 

make 384 cents), by which an nice enchainment of fifths arises that is mirrored at the 

same time. Another mirroring can be found between 180-319-174. 

 

 

Figure 21 MR.1961.4.17-6 has a pentatonic tone scale consisting of three smaller and two 
larger intervals of about a minor third. Between the pitch classes 411 and 795 a 
pure major third can be found. This constellation gives rise to a series of three 
almost perfect fifths. 
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5.1.2.3 Hexatonic scale  

Recording MR.1959.18.3-B11 

MR.1959.18.3-B11 covers a recording of the sacred harp from the Bawoumbou people in 

Gabon, that live in the woods around Libreville. The recording dates from 1958, and was 

made by Herbert Pepper. The piece contains music from the Bwiti ritual in which the 

sacred harp is praised. The piece uses a hexatonic scale with intervals that vary from 

144 to 288 cents. The first part is a repetitive descending melodic line, more less from 

411 cents, in a descending line to 1392 cents lower, which is the pitch class at 219 cents. 

The second part contains another pattern, with sometimes two notes played 

simultaneously. The intervals constitutes mainly of thirds, which are played together. 

Indeed, when we look at the scale, and especially at the intervals that surface in the 

second row of the Table 7, several thirds arise.  

 

Figure 22 MR.1959.18.3-B11, hexatonic scale with intervals from 144 up to 288 cents. 

Table 7 First row displays the six pitch classes from the harp. The other rows consist of the 
intervals in between the pitch classes. Notice the broad zone around the major second, and the 
intermediate thirds. 

237  417  597  741  933  1149  

 180  180  144  192  216  288 

468  360  324  336  408  504  

 648  504  516  552  696  684 

864  792  696  732  840  876  
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Recording MR.1963.1.8-13 

MR.1963.1.8-13 is a fiddle recording from Chad, recorded at the Teda people by Monique 

Brandily in 1963. This piece also has a hexatonic scale, but it is not using the entire 

range of the octave. The tessitura is limited to 816 cents. The intervals however are 

quite similar, apart from the first interval that measures 132 cents, the other four 

intervals are as good as the same intervals (174, 174, 174, 162 cents). Such division is 

practically equal tempered for a heptatonic scale that would have intervals of 171 cents. 

The song makes short melodic patterns that always return at the open string at 309 

cents.  

This musical piece has been labeled a hexatonic scale, but it is a good example of a 

difficult issue. There are indeed six pitch classes, but one can argue whether the seventh 

pitch class just was not used in this piece. Especially since most intervals have an 

interval of 174 cents, the remaining gap allows one more pitch class in the middle, 

causing two more similar interval classes. Although the song has six pitch classes, it 

might refer to a heptatonic scale division. Quite satisfying since 1200/7=171 cents. This 

is a recurring issue in the correct labeling of a scale. 
 

 

Figure 23 MR.1963.1.8-13 displays a hexatonic scale where only a region of tessitura is used. 
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5.1.2.4 Heptatonic equal temperament  

Recording MR.1986.6.2-A12 

MR.1986.6.2-A12 is a recording from 1984 by Ménard Seeuws, and contains a xylophone 

and singing from the Kwese people in Congo DRC. It uses a heptatonic scale, that has a 

strong relationship with the western equal temperament. Besides being heptatonic and 

coinciding with Western pitch classes (0, 207, 699 cents), it does show several intervals 

that are near a 100 cents multiple (between 0, 207, 699 cents, between 375 and 885 cents, 

between 537 and 1047 cents). Also it has several fifths relationships (0->699 cents, 699-

>207 cents, 885->375 cents, 1047->537cents). But it still has pitch classes that are rather 

―in between‖; quite small major seconds, and a few pure thirds. In a way, this scale has 

some affinities with the just intonation tuning system. Notwithstanding the relationship 

with the western pitch classes, the music itself is not relying on western musical idiom. 

It drives on a melodic pulsation that iterates on a single note (alternating on 699, 537, 

885), and then makes a brief melodic turn.  
 

 

Figure 24 Example of a heptatonic scale with western affinities and some own typicalities.  
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5.1.2.5 Pitch shift 

Recording MR.1973.9.41-4 

Figure 25 shows an example where scale organization depends on the characteristics of 

the instrument. This type of African fiddle (Figure 26), the iningidi, does not use a 

soundboard to shorten the strings. Instead the string is shortened by the fingers that 

are in a (floating) position above the string: an open string and three fingers give a 

tetratonic scale. This use case shows that pitch distributions for entire songs can be 

misleading, in both cases it is much more informative to compare the distribution from 

the first part of the song with the last part. Then it becomes clear how much pitch 

shifted and in what direction. Interesting to remark on is that these intervals have more 

or less the same distance, a natural consequence of the distance of the fingers, and that, 

consequently, not the entire octave tessitura is used. In fact only 600 cents, half an 

octave, is used. It builds a scale that occurs typically in fiddle recordings, which rather 

can be seen as a tetrachord. The open string (lowest note) is much more stable than the 

three other pitches that deviate more, as is shown by the broader peaks in the pitch 

class histogram. The hand position without soundboard is directly related to the 

variance of these three pitch classes. When comparing the second minute of the song 

with the seventh, one sees a clear shift in pitch, which can be explained by the fact the 

musician changed the hand position a little bit. In addition, another phenomenon can 

be observed, namely, that while performing, the open string gradually loses tension, 

causing a small pitch lowering which can be noticed when comparing the two 

fragments. This is not uncommon for ethnic music instruments.  

 

Figure 25 MR.1973.9.41-4, Histogram of an African fiddle song. The second minute of the 
song is represented by the dashed line, the seventh minute is represented by the 
dotted line. The lowest, most stable pitch class is the result of the open string. It 
lost some tension during the piece and started to sound lower. This is in sharp 
contrast with the other pitch classes that sound higher, due to a change in hand 
position. 
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Figure 26 The iningidi, a type of African fiddle. To play the instrument, the neck is held in 
the palm of the left hand so that the string can be stopped using the second 
phalanx of the index, middle and ring fingers. Consequently, a total of four notes 
can be produced. 
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5.1.2.6 Pitch drift 

Recording MR.1968.12.8-1 

MR.1968.12.8-1 is a 10 minute instrumental piece for lute, recorded in 1965 in Mali by 

Eric Pollet. It is an obvious example of pitch drift. The lute player gradually plays higher 

and higher. If we compare the pitch annotations from the beginning with the final part 

of the file, there has been a pitch drift of more less 250 cents. The intervals remain 

similar, the entire scale moves up. This is a good example that for correct understanding 

of computational suggestions, it is always necessary to take the music into account.  
 

 

Figure 27  Pitch drift of the entire scale. Horizontal raise of annotated notes indicates the 
pitch drift of more than 250 cents.  
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Recording MR.1968.21.74-1 

MR.1968.21.74-1 contains a 2 minute recitation of a man, that is continuously affirmed 

by some men shouting ―ya‖. The soloist gets agitated during the performance of his 

recitation, and gradually intensifies his recite, which can be seen in the dynamic 

progress (Figure 28). As a part of his agitation, he also rises 750 cents in pitch, from 5372 

up to 6125 cents, that is from 572 cents up to 125 cents in the next octave (Figure 29). 

The ―ya‖ shouting man stay at the same pitch level at 291 cents.  
 

 

Figure 28  Wave form of the song MR.1968.21.74-1, where the dynamical increase is related 
to the agitation of the singer. 

 

 

Figure 29  Visualization of pitch drift by the soloist (572->125 cents), and stable pitch from 
group (291 cents), with software Tarsos.  
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5.1.2.7 Ornamental tones 

Ornaments are essential in vocal music, but they can be misleading in pitch analysis. A 

striking example is a vibrato which makes pitch go up and down —pitch modulation—

centered around a single pitch class. Figure 30 (a) gives an example of Western vibrato 

singing. The melograph visualization reveals the ornamental singing style, here using 

two distinct pitch classes. But when we look at figure (c), these two pitch classes are 

hard to identify in the histogram. The actual intended note is less present than the 

periphery of the vibrato, which leads to 4 peaks in the histogram and a little nod at the 

center of the note (marked with the gray line). Nevertheless perceptually we can 

pinpoint the pitch class, while a computational approach has difficulties in doing so. In 

contrast, Figure (b) depicts a more continuous glissando which is used as a building 

block to construct a melody in an Indian raga. The word pitch class is not appropriate 

for this musical gesture, however the pitch class histogram now contains a very clear 

peak (Figure (d)).  
  

 
Figure 30 Visualization of pitch contours of Western and Indian singing; notice the 
fundamentally different concept of tone. In the Western example two distinct pitches are used, 
they are made clear with the dotted gray lines. In (c) two gray curves are added, they represent 
the two perceived pitches. 
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5.1.2.8 Octave deviations 

Recording MR.1968.7.1-3 

MR.1968.7.1-3 contains the functional recording of a tone scale of a xylophone, recorded 

in Ivory Coast in 1965 by Hugo Zemp. It is only a fragment of 20 seconds where each key 

of the instrument is played separately. The pitch annotations are very clear because of 

that monophonic recording where each note could last a few seconds. I choose to add 

this fragment because the 12 keys span more less two and a half octaves. It is a 

pentatonic scale that shows how tones can vary over different octaves. The scale is 

octave based, but the individual pitch classes do characterize by unequal octave 

relationships.  
 

 

Figure 31 Small octave deviations in a xylophone. Each color indicates different octave. 

 

 

 

 

 

 

 

 

 



 

88 

5.1.2.9 Western microtonal composition 

Harry Partch, Ivor Darreg, and composers from spectral music really devoted their 

oeuvre to aspects of microtonality. As a tribute, a composition from Darreg is analyzed 

here as an example. Tarsos has analyzed and rebuilt the scale that was used in track five 

from Detwelvulate! ‖From beyond the Xenharmonic Frontier‖. This composition uses an 

equal temperament of 9 tones per octave as can be seen in Figure 32. Each interval 

counts 133 cents, which entails the occurrence of 9 major thirds and 9 augmented fifths 

in the scale as well. It provides the piece a scale that is built on a mixture of unknown 

and more familiar intervals. However Tarsos did retrieve all nine pitch classes, also 

three small deviations of pitch classes were noticed. Each of these three pitch classes 

measure consequently 38 cents lower than the three notes from the intended scale 

(namely 231 633 and 897 cents). They occurred in a specific octave, and not over the 

entire tessitura. More research could tell the intention of these tones. 
 

 

Figure 32 Analysis of a microtonal composition from Ivor Darreg. Each interval is about 133 
cents, which implies the strong presence of major thirds. 
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5.2 Tempo 

This part of based on the publication: 

Cornelis, O., Six, J., Holzapfel, A., & Leman, M. (2013). Evaluation and Recommendation of Pulse 
and Tempo Annotation in Ethnic Music. Journal of New Music Research. 42 (2) pp. 131-
149. 

5.2.1 Human tempo annotations 

All human tempo annotations for the 70 songs can be found in Appendix A (book II, p63-

64). We assigned a general tempo value, a ground truth, to each song by selecting the 

tempo that most people tapped. A tempo was considered similar if it did not deviate by 

more than 6 BPM from that tempo. The tempi that did not fall in that assigned class, 

were then considered in relation to the assigned ground truth tempo, and could be 

divided into different groups: tempo octaves (half, double, triple tempo), related tempi 

(usually a mathematical relation with the assigned tempi), related octaves (half, double, 

triple of the related tempo), unrelated tempi (no relation with the assigned tempo). Also 

some people tapped annotations of different length creating a pattern as, for example, 

2+3 in a meter of 5 and 2+3+3 for some songs in 8. Such annotations were specified as 

patterns, without attempting to derive a tempo value from them. A first glance at the 

processed results, Table 8 shows that 68 songs could be assigned a general tempo, two 

songs had such wide range of tempi that no general tempo could be assigned. These 

were both a capella vocal songs, which contained rather recitation than singing. Of the 

remaining 68 songs, only two songs were labeled unanimously. For 64 songs people 

tapped tempo octaves, and also for 43 songs related tempi were present. For the songs 

that had both octaves and related tempi, the distribution was equal: 19 songs had more 

octaves than related tempi, and 19 songs had more related tempi than octaves. This last 

group, which formed 27%, can be seen as songs with high ambiguity in tempo 

perception. These songs contained several instruments that combined polymetric 

layers. People tended to have distributed preference in following the tempo of different 

instruments.  

Table 9 lists the distribution of all 1750 annotations: 60% correspond to the assigned 

tempo, 17% correspond to tempo octaves, while only 9% correspond to related tempi. 

Apparently, in many songs (61%) some people do hear related tempi, but mostly this is a 

small group of people. But, even after applying a threshold on the minimum number of 
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relation occurrences as in Table 10 23% of the songs were still tapped in a related tempo 

by five or more persons (from the 25). This shows that related tempi are not 

coincidental or individual cases, but that a quarter of the audio set had tempo 

ambiguity.  

The individual differences on the median over the 70 songs was remarkable, with 

personal medians ranging from 77 up to 133 BPM. In affirmation with the literature, 

there is indeed a large agreement on human tempo annotations for songs that were 

assigned a tempo within the region of 120–130 BPM, namely 83% (10% tapped a tempo 

octave, and only 2% tapped a related tempo for this tempo region). This tempo region 

apparently leads to a very low ambiguity of tempo annotations. Eight of the 10 songs in 

this tempo region were tapped in a binary meter. In the lower and higher tempi regions, 

ambiguity was much higher, but the set was too small to deduce tendencies. What was 

noticed is that songs around 90 BPM received only a little tempo octaves, but more 

related tempi, which connects the binary-ternary relationship.  
 

Table 8 Overview of audio fragments organized by sorts of human assigned tempi. 

TYPE # % Track ID 

Unanimous tempo 2 2.9% 5, 56 

+ Tempo Octaves (no related) 23 32.9% 4, 6, 7, 8, 9, 10, 13, 14, 15, 17, 23, 25, 35, 42, 

44, 50, 51, 55, 57, 58, 60, 65, 70 

Tempo octaves < Related tempi 19 27.1% 28, 1, 62, 22, 20, 59, 63, 18, 41, 66, 53, 54, 

37, 43, 52, 26, 39, 19, 64 

Tempo octaves = Related tempi 3 4.3% 29, 34, 45 

Tempo octaves > Related tempi 19 27.1% 69, 32, 38, 48, 61, 30, 33, 40, 24, 27, 47, 68, 

12, 31, 67, 36, 49, 11, 3 

+ Related tempi (no octaves) 2 2.9% 2, 46 

No tempo 2 2.9% 16, 21 

 

Table 9 Distribution of all annotations (1750 human annotations, 1190 BT tempi) over 
available classes. 

Type Human (%) BT (%)  

Identical 60% 48%  

Octave 17% 18%  
Related 9% 19%  
Related Tempo Octave 3% 3%  
Unrelated 9% 6%  
Pattern 2% 0%  
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Table 10 Distribution of all annotations over available classes if a threshold is set. 

  At least one More than one More than two More than 

five 

Human Tempo octaves 64 91% 56 80% 44 63% 28 40% 

 Related tempo 43 61% 32 46% 25 36% 16 23% 

 Related octave 25 36% 13 19% 7 10% 1 1% 

 Pattern 37 53% 24 34% 15 21% 10 14% 

 Unrelated tempo 19 27% 11 16% 6 9% 2 3% 

Beat 

Tracker 

Identical 64 94% 61 90% 58 85%   

 Octave 52 76% 41 60% 28 41%   

 Related 52 76% 38 56% 28 41%   

 Related octave 18 26% 9 13% 5 7%   

 Unrelated tempo 31 46% 20 29% 13 19%   

 

When we focus on the properties of individual songs, the pieces with a meter in five 

deserve special attention. The annotations were very diverse, and can be divided into 

different groups (Figure 33). Some people tapped exactly on the fastest pulse, while 

others only tapped each fifth beat of this pulse, creating a tempo range of five tempo 

octaves. Some people tapped every second beat of the fastest pulse level, which implies 

going ―on and off beat‖ per bar, creating an alternating syncopation. Several people 

tapped a subdivided pattern of 2 and 3 beats and some people tapped every 2.5 beats, 

subdividing the meter of five into two equal parts. This interesting diversity reoccurred 

for each song that had a meter in five.  
 

 

Figure 33 Visualization of the five different levels of pulse synchronization. 



 

92 

Agawu mentions that cultural insiders easily identify the pulse. For those who are 

unfamiliar with a specific culture, and especially if the dance or choreographic 

movements cannot be observed, it can be difficult to locate the main beat and express it 

in movement (Agawu, 2003). De Hen considers that rhythm is an alternation of tension 

and relaxation. The difference between Western music and African music, he writes, lies 

in the opposite way of counting, where Western music counts heavy-light and African 

music is the other way around (De Hen, 1967). The human annotations support these 

points. Figure 34 zooms in on tapped onsets where persons 1 and 2 tap the same tempo 

but in a different phase. Figure 35 visualizes a similar example where the binary 

annotations vary in phase. This specific fragment was very ambiguous: 13 persons 

tapped ternary, 10 binary. What is especially remarkable is that the group of ternary 

tapping people synchronizes in phase, while the binary annotations differ much more. 

It is clear that the ambiguity is not only between binary and ternary relations, but that 

there is a phase ambiguity as well. As an explorative case study, a small group was asked 

to write down the rhythmical percussive ostinato pattern from an audio fragment. The 

result shown in Figure 36 is striking by its variance. At first sight it seems so 

incomparable one would even question if they were listening to the same song. To 

summarize, it appears that people perceive different tempi, different meter, different 

starting points and assign different accents and durations to the percussive events, 

which demonstrates nicely the subjectivity of transcription.  
 

 
Figure 34 Small fragment (track 25) of the tapped onsets of three persons, one following the 
tempo octave (tempo halving), and two persons in different phase. Histogram on the bottom 
sums up number of taps per bin. 
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Figure 35 Fragment of track 61, where the group is divided in binary and ternary tapping. 
Two people follow the smallest pulse (tempo doubling). Time indications were manually added 
to mark the bars. The histogram shows this polymetric presence. 
 

As a final insight, we have transposed the concept of the TUBS notations (Time Unit Box 

System) to the human annotations, with the microtiming of the annotations included. 

While TUBS is most useful for showing relationships between complex rhythms, it is 

now also used for visualizing the microtimed annotation behavior where the place of 

the marker in the box indicates the exact timing of the tapped event. Hence, it 

visualizes the human listeners‖ synchronization to music. In Figure 37, a fragment of the 

tapped annotations is given. One sees clearly that there is quite some variance in trying 

to synchronize with the music, although the global tempo was unambiguous. The 

individual listeners did tap a similar tempo, but the variance is mainly caused by 

microtimed differences and phase shifts.   
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Figure 36 Different transcriptions of the widespread asymmetrical 12-pulses ostinato 
rhythmical pattern/timeline. (a) Different transcriptions of the same rhythmical pattern 
derived from listening to a song (in case MR.1973.9.19-2A) by 10 people. The circled note 
indicates same place in the shifted pattern. (b) Number of transcriptions at different starting 
points in the pattern. (c) Tubs notation of the general pattern with four different starting 
points. 
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Figure 37 Fragment of track 56 where each box represents one beat, as in a tubs 
representation. The unanimously assigned tempo however conceals large time differences in 
human onsets. The dotted lines are manually added as a reference. 
 

5.2.2 Tempo annotation by beat trackers 

The tempo annotations calculated by the 17 beat trackers (BTs) are listed in Appendix B 

(book II, p65-66); each column containing the tempo estimates of each song. The 

reference tempo for evaluating the tempo estimations was the tempo that most people 

tapped, which was labeled as ground truth (see Appendix A). As with the analysis of the 

human annotations, the other categories were: tempo octaves, related tempo, related 

tempo octaves and unrelated tempi. The category of patterns was left out, as beat 

tracking algorithms are designed to produce a regular pulse. 

 

Table 11 BT annotations organized by meter and their classification along the human 
tempo references. 

Meter Identical Octave Related 

(1) 1 25 58 60   

2 5 20 27 31 34 35 43 44 

47 51 53 

42 64 70 3 

3 2 10 12 26 33 40 45  19 29 36 38 59 61 

4 4 6 9 13 15 17 18 23 37 

50 54 55 56 69 

8 14 30 57 24 67 

5 22 41 46 49 52 11 

6 7 28 32 39 48 66 63 62 65 68 
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In most cases the majority of the 17BTs did match the tempo assigned by humans, 

namely for 46 fragments (67.6%), as listed in Table 11. For nine songs the tempo octave 

was preferred by the beat trackers, in most instances (seven), they suggested the double 

tempo. For the remaining 13 songs, the beat trackers preferred the related tempo above 

the assigned tempo, 10 times they preferred the binary pulse above the ternary pulse 

tapped by humans, and only two times the ternary above the binary. One instance 

concerned a meter of five where the tempo estimation of the BTs split up the meter into 

2.5. Looking at Table 10, the assigned tempo was detected by at least one BT in 64 songs 

(94%), and by three of the five BTs still in 58 songs (85%).  

Table 9 contains the distribution of the 1190 annotations which are comparable to the 

overall human annotations. With 48%, there is a slight decrease in identical tempo 

annotations, while the category of the related tempi increases up to 19%. We can 

conclude that the beat trackers give a reliable result in tempo annotation: two thirds of 

the tempi were analyzed identically to the human annotations. For the other songs the 

majority of the BTs suggested a tempo octave or a related tempo. In songs with higher 

ambiguity (where people assigned several tempi), it appears that the BTs tend to prefer 

binary meter over ternary, and higher tempi over slower. The preference for higher 

tempi is also reflected in the medians for each beat tracker, with a range of 109–141 

BPM, and one outlier of 191 BPM, this is higher than the human medians that ranged 

from 77-133 BPM. 

5.2.3 Human onsets annotations versus beat tracker onsets annotations 

As a first step we determined all mutual agreements between the onsets of the five 

chosen beat trackers. In Figure 38 the histograms of these mutual agreements for all 

musical fragments in the RMCA subset are shown, where the histograms are sorted by 

their MMAD value. It can be observed that there is an almost linear transition from 

histograms with concentration at low agreement values to histograms with very high 

agreements on the right side of Figure 38. The vertical red line marks the threshold for 

perceptually satisfying beat sequences (MMA=1.5 bits), which was established in 

listening tests (Zapata, 2012). Out of the 70 fragments in the dataset 57 lie on the right 

side of this threshold, which implies that for 81% of this data at least one of the five beat 

sequences can be considered as perceptually acceptable. This percentage is higher than 

the one reported for a dataset of Western music (73%, Zapata (2012)). In the previous 

section we showed that 59 songs have either correct or half/double tempo. That 

proportion is quite close to the 81% we measure here.  
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Figure 38 Each column of the image depicts a histogram obtained from mutual agreements of 
the five beat sequences for each song in the RMCA subset. The histograms are sorted by their 
mean values (BT-MMA). Dark colors indicate high histogram values. The vertical line marks the 
threshold above which a perceptually satisfying beat estimation can be performed. 

 

 

We will show the difference between songs having beat sequences with low MMA and 

those having a high MMA between their sequences using two examples. One example 

was taken from the left side of the red line in Figure 38 and the other from the right side 

of it. An excerpt of the beat sequences for the low-MMAD song is shown in Figure 39. It 

is apparent that the beat sequences are largely unrelated, both in terms of tempo as well 

as in terms of phase alignment. On the other hand, in Figure 40 the song with high 

MMAD has beat sequences that are more strongly related. Their phase is well aligned, 

however, there are octave relationships between the tempi of the beat sequences, and 

less randomly distributed than for the low-MMAD song depicted in Figure 39. This 

clarifies that by calculating the MMAD we can obtain an estimation about the agreement 

between beat sequences or annotations without the necessity of a time-consuming 

manual analysis.  
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Figure 39 Beat sequences of the five beat trackers in the committee for a song with low 
MMAD. 

 

 

Figure 40 Beat sequences of the five beat trackers in the committee for a song with high 
MMAD. 

When combining the beat trackers and the human annotations, we obtain an 

unexpected result. Figure 41 shows the agreement among beat sequences against the 

agreement among human annotations. For both axes the threshold lines are at 1.5 bit. 

Agreement occurs in the lower-left and upper-right rectangle. However, with 11 

instances, a significant amount of fragments with a BT-MMAD above the threshold has 

quite low TAP-MMAD values (lower-right rectangle), which shows that high agreement 

among beat trackers does  not always imply high agreement among human tappers. 
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This is quite different from the result for Western music presented in Holzapfel et al. 

(2012), where this quadrant was not populated at all, indicating that good beat tracker 

performance always implied high agreement among human tappers. Inspection of the 

human annotations related to the fragments in the lower-right quadrant revealed that 

they are indeed characterized by a large variability for each fragment. The audio for 

these fragments appears to have several polyrhythmic layers, almost independent 

polyphony, often with flute, rattle, singing, and dense percussion. Several fragments in 

the lower quadrants contained rattles, which have an unclear attack, resulting in poorly 

aligned tapped sequences. 
 

 

Figure 41 Scatter plot of the MMAD values obtained from human tapping and the beat 
tracking algorithms. Lines indicate the 1.5 bit threshold. 

From the 12 fragments in the lower-left quadrant only one had a binary meter while six 

of them were ternary. Two were in five and three were undefined. From the 11 

fragments in the lower-right quadrant, the meters were equally distributed, but for this 

selection the average tempo stands out with 140 BPM, whereas it was 102 BPM for the 

lower-left quadrant and 109 BPM for the upper quadrants. The BT tempi follow the same 

tendency, but less distinct. The upper quadrants had an average of 17 persons tapping 

the same tempo, while the lower quadrants 12. When we add the number of the retries 

of the human annotations, which can indicate the more difficult files since people were 

in doubt with their first annotation, we see a very large portion of the retries appearing 

in the lower-left quadrant. For the lower-right quadrant, some fragments barely had 

any retries while others had many. There was no relation between meter and retries, 

except for the meter in five which apparently needed one or more retries from most 

people.  
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Conclusion 

This chapter detailed on the research results that were obtained by using a 

computational methodology. The audio was analyzed by algorithms and the data was 

studied. For pitch we listed different kind of scales in Central-African music, and 

encountered some pitch related phenomena that usually complicate automated 

analysis. Also a summery is given about the evolution of scales in Central African music. 

A subset of 901 songs from the RMCA was divided into three groups, where the audio 

recorded before 1960 and the audio recorded after 1975 showed clear differences. The 

intervals that are derived from the scales double in the zones around the western pitch 

classes (in a bin of 5 cent around the multiples of 100 cents).  

F 

The research on tempo contained a study on tempo annotations by humans and 

computational tools. The experiment showed the ambiguity in perception of tempo and 

meter, both for humans and for beat trackers. The beat trackers obtained comparable 

results with the human annotations, with a slight tendency to prefer binary pulsation in 

ambiguous situations and to prefer the higher tempo octave. We also found a notable 

ambiguity in phase indication. Gathering multiple beat trackers entails some 

advantages: if their results are combined, they appear to detect temporal ambiguity in 

songs where humans showed a similar perception. 
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Chapter 6 Artistic methodology 

This chapter details on the methodology concerning the artistic research. It starts with 

the adaptation of the Lesaffre taxonomy, and is illustrated by an example of the 

distribution of the musical descriptors along bipolar axes. The second part contains a 

technical overview of methods used within the artistic part. 

 

This chapter is mainly based on the publications: 

Cornelis, O. (2013). From information to inspiration, sensitivities mapped in a casus of Central-
African music analysis and contemporary music composition. Critical Arts. 27 (5) pp. 
624-635. 

Cornelis, O., & Six, J. (2012). Sound to Scale to Sound, a Setup for Microtonal Exploration and 
Composition. In: Proceedings of the 2012 International Computer Music Conference (ICMC 
2012). Ljubljana, Slovenia. 

Cornelis O., Demey M., Leman M. (2008). 'EME: a wireless music controller for Real-Time Music 
Interaction', in Proceedings ARTECH 2008, Porto. 

6.1 Taxonomy 

This research is a PhD study in Art, which combines the results of ethnomusicological 

analysis with artistic experiment. Being a disciple of Computational Ethnomusicology, I 

mainly use signal analysis to obtain computer-assisted descriptions of Central African 

music that aims at encapsulating musical characteristics. On the other hand, being a 

contemporary composer, my artistic work attempts to merge western and non-western 

musical elements and techniques. Each composition that is made during this research 

tries to use a different compositional approach. Sometimes there is an explicit use of 

ethnic elements within my music, at other moments, it is implicit and noticeable only to 

an informed audience. The computational scientific research part gives insights on 

Central African music, which influences my artistic experiments.  
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Figure 3 showed the general organization of musical parameters in the Lesaffre 

taxonomy. The detailed description can be found in chapter 2.1. For me as a composer, it 

is a convenient tool to focus on elements in the taxonomy, and to explore further in my 

artistic experiment. Composition implies at the first place selection: what does the artist 

want to achieve. The contemporary musical palette is so broad that it needs defining. 

Personally, I think that this can be said about art in general, but I think the explicitation 

of it is an essential part of artistic research.  

 
 

 

Figure 42 Display of most musical parameters (pitch, time, timbre, dynamics) with their 
organization from micro- to macro level, that is from low-level non-contextual 
features to high-level contextual elements (Orange displayed categorization based 
on Lesaffre (Lesaffre, 2003)). 

 

 

 

 

 

 

 

 



 

 103 

Table 12 List of possible bipolar axes. 

 

Bipolar Axes: 

 

- Explicit <-------------------------------> Implicit 

- Effect <-------------------------------> Concept 

- Form <--------------------------------> Musical 

- Music as Such <------------------> Functional 

- High level <--------------------> Low level MP 

- Physical <------------------------------> Virtual 

… <------------------------> … 

 

 
 

 

Figure 43 Example of a classification of musical elements onto a bipolar axis of explicit to 
implicit influence. Used colors are referring to the low-high level features from 
Figure 42. 
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For personal reflection and for awareness, as an artist who is using ethnic influences, I 

have made a theoretical model that lists musical parameters along several bipolar axes. 

Onto those axes, I try to organize the components from the taxonomy. It is interesting 

to see the low-high level descriptors, being reorganized onto the bipolar axes, 

sometimes regroup similar as in the taxonomy itself, but sometimes creating whole 

different constitutions. Figure 43 shows an example of all the components from the 

taxonomy along a set of bipolar axis. For the reader of this PhD text, I like to state that 

the organization onto bipolar axes, is not an exact organization but a personal 

interpretation of the author. The exact placement is not intended for discussion, but is 

indicative as a tool or aid for experiment and reflection. In fact, not even all the axes 

need the actual realization of the distribution of all the elements. The bipolarity of 

concepts creates a cognitive process that can be sufficient for the artistic process. 
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6.2 Applications 

The digital environment in which this research area resides, implies the use of several 

audio software and hardware packages. Both for analysis, sound manipulation, and 

composition such tools have been used. In what follows, a brief overview of the used 

tools is given. It focuses on the specific use of the particular tools in my research, and is 

therefore merely an indication of what the software/hardware can do in its entirety.  

6.2.1 Sensor-based applications 

Embodied music cognition (Leman, 2007) considers musical experience as body-

mediated. The human body is thereby conceived as a natural mediator between our 

musical experiences (our mind) and the surrounding physical environment (e.g. musical 

sounds). It is claimed that the human body can be extended with technologies, so that 

the mind can get access to new (perhaps virtual) environments. A music instrument is a 

good example of such a mediation technology. Attached to the human body it allows the 

human mind to get into a musical reality. The task is to design music instruments in 

such a way that they become good mediators, that is, that they fit well with the human 

body, so well that the mind forgets about their mediation function and focuses on the 

reality which the mediator provides. The concept of an embodied mind holds the 

promise that it leads to new ways of analysis, creation and performance, by taking into 

consideration the tight connection between mind, body and physical environment.  

This research has been using two different technologies, commercial and custom 

made wireless motion sensors. Using these sensors, the natural mediator (the body) 

becomes extended with a technology-based mediator that captures human movement 

in a very accurate way and in real-time. This allows the registration of three-

dimensional manifestations of musical expression, with the promise of exploring new 

opportunities in music activities. Even studying social interaction and interhuman 

behavior becomes possible when sets of sensors are used by a group of performers and 

listeners. 

The applications are wireless music controllers for real-time music interaction, based 

on the theory of embodied music cognition. The systems envision the concrete 

realization of social embodied music experiences through an artistic application.  It 

allows listeners/performers to act and interact directly onto sound by the expressive 

movements of their body. Based on the natural movements and/or expressive gestures 
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of one (or more) user(s), the hardware device allows the control of both sound (e.g. 

timbre) and music (structure). The result is a multi-purpose wireless music controller 

for real-time social music interaction that can be easily expanded towards other audio-

effect generators. 

6.2.1.1 HOP 

Intro 

Custom made sensors, HOP sensors, were used in a electronic sound and music 

controller, based on human movement. They enable users to synthesize their gestures 

into sound, in real-time by activating a partly-algorithmic composition, or adapting the 

music in a multi-track audio file.  

 

HOP 

The HOP sensors are custom-made wireless inertial motion detectors, developed at 

Ghent University by the Center for Microsystems Technology (CMST) (Kuyken, 2008). 

For technical details, please consult the Kuyken paper. Summarized, the sensors 

incorporate three-dimensional accelerometers and magnetometers that send their data 

by a wireless transceiver to a computer, at a sampling rate of 100 Hz and with a range up 

to 40 m. Due to the relatively small size of the sensor (55-mm long, 32-mm wide, and 15-

mm thick), the wireless transmission of data, and the standalone battery, sensors are 

easily attached with simple tape onto the hands of the singer. 
 

 

Figure 44 HOP sensors mounted on both hands. 
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EME, Embodied Music Experience 

The electronic sound and music controller that was developed with the HOP sensors was 

called EME. It aims to be a haptic music controller where performers, including non-

musicians, embody the control of the music. Some crucial development issues were on 

the one hand the necessity that performers have to feel that they control and steer the 

music with their movements and on the other hand that also non-musicians could make 

music with it. Therefore, different typologies of movement of performers were analyzed 

and mapped onto potential sound and music influencing parameters, as shown in 

Table 13. The prototype of the EME is based on (i) volume triggering, (ii) timbre 

modulation and (iii) sample (or note) triggering. 

 
 

 

Table 13 Summary of Distinct Hand Movements and Potential Use in EME. 
Movement Calculation Music Control Disadvantage Advantage 

Repetitive hits (i) Size of the jerk, the derivative 

of the acceleration, over a 

sliding window of n samples 

Volume of a 

percussion track 

Needs calibration in 

mapping to volume and 

adjusting envelope 

behavior in attack and 

sustain 

Quite intuitive and good in 

quantization of percussive 

sounds 

Turn around (ii) 

 

Calculate the rotation around 

the 3 axis with use of gravity 

Frequency of a 

filter 

The 3 directions are 

coupled / sudden 

movements disrupt 

angle calculation 

Intuitive (feels like turning 

knob) 

responsivity can be adjusted 

Abrupt changes 

(iii) 

Use a fixed threshold on the 

difference of the signal 

Trigger a note or 

musical clip 

Needs algorithmic 

composition to keep the 

melody interesting 

Quite intuitive 

Similar 

movements 

Correlation of 2 signals Adds rewarding 

melody 

Only on or off state Robust 

Nice encouragement 

Periodical 

Movements 

FFT over 4 seconds with 2 

seconds overlap [3] 

BPM It takes at least 2 

seconds for the tempo 

to adjust 

Very robust to different kinds 

of movement 

 

From the motion sensor data, three parameters are derived, namely, intensity of 

movement, orientation and triggering. The intensity of movement is the size of the jerk, 

which is the derivative of the acceleration signal, calculated over a sliding window. i) 

This intensity of movement quantifies the mount of changes in the acceleration of the 

movements and can be related to the size and force of the gesture. ii) Orientation of the 

movement sensors is calculated using the constant force of the earth gravity. A tradeoff 

was found between stability, using low pass filters, and responsiveness, using no filters. 

iii) The trigger is calculated by taking the difference of two successive acceleration 

samples whereby a fixed threshold has to be surpassed. Trigger and orientation signals 
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are translated to MIDI messages which control music samples played back by Ableton 

Live. 

EME was used in the composition Con Golese for voice and tape. Also some audio tracks 

were made for several EME showcases (ICAD Paris, ARTECH Porto, Resonance Ghent, 

IPEM Open house).  

6.2.1.2 MTx 

Intro 

A sensor system, MTx, that captures body movements, is integrated in a sound-gesture 

mapping strategy for manipulating sound. The measured and mapped movements are 

used to control certain parameters of the harmonization of a singing voice in real time.  

 

MTx by Xsens 

The MTx sensors are commercial inertial sensors, made by Xsens, that perform 

measurement for orientation of human body segments. The MTx uses 3 gyroscopes to 

for orientation and measures the directions of gravity and magnetic north. This data is 

combined for an accurate 3D orientation. The five small units are connected to a battery 

powered central unit that transmits wirelessly over a Bluetooth connection. This setup 

enables a sampling rate of 25 Hz. From the sensor data the relative three-dimensional 

position of the four joints (the elbows and wrists) can be calculated.  

 

Figure 45 Montage of the MTx sensors on the upper body. 

 

The One-Person Choir 

Maes developed an application called the “One-Person Choir”, it is a human-computer 

interface for singers that enables their gestural control over a harmonizing module that 

affects the singing voice in real time. The harmonization is the addition of pitch-shifted 



 

 109 

voices related to the originally monophonic voice of the singer. The MTx sensors 

capture the global movements of the upper limbs of a singer. Continuous movements of 

the upper limbs are the gestures that will be used to control voice harmonization. The 

interface allows a singer to naturally enhance the expressive qualities of his or her voice 

with the assistance of expressive gestures connected to an electronic environment. To 

calibrate the system the subject had to stand up with horizontally stretched arms, so 

that a T-shape is formed with the torso and the arms. In this posture all sensors were 

fully activated, achieving full harmonization.  

 

Application 

Within my research, the One-Person Choir application was integrated into an artistic 

composition, Nelumbo, for two soprano voices, dancer, and electronics. The motion-

sensing system is now worn by the dancer instead of the singer. The dancer wears a 

total of five sensors, attached on the upper limbs, and can control the harmonization of 

the two singers besides her. With the movements of her right arm, she controls the 

volume of two extra voices added to the singer on her right; similarly, her left arm 

controls the volumes of two extra voices added to the singer on her left. When the 

distance between the hand and the chest equals zero, there are no extra voices added. 

When the distance between the hand and the chest is greatest, the two additional voices 

reach full volume. When the hand is placed in the middle, and the elbow is moved away 

from the body, only the first extra voice reaches maximum volume while the other is 

silent (Maes, 2011). The harmonization consists of pitch-shifted, tonally related 

duplications of the sung voices. The sensor on the elbow adds a third, and the sensor on 

the wrists adds a fifth to the original voice. The composition was written in such a way 

that the additions of the extra voices were harmonically interesting. Some passages 

were intentionally tonal and mixed well with the added voices, while other passages 

were especially assembled to create tension in the music.  

6.2.2 Audio analysis tools  

6.2.2.1 Sonic Visualiser 

Sonic Visualiser is an Open Source Application developed at the University of London‖s 

Centre for Digital Music, distributed under the GNU General Public License. It is a end-

user desktop application especially designed for computational music analysis. It 

visualizes music signal for further analysis and annotation. The program serves both 

musical and scientific work, and contains a whole set of specialized third-party plugins 

in the vamp plugin format.  

http://www.sonicvisualiser.org/  

http://www.sonicvisualiser.org/
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Chris Cannam, Christian Landone, and Mark Sandler, Sonic Visualiser: An Open Source 

Application for Viewing, Analysing, and Annotating Music Audio Files, in Proceedings of the 

ACM Multimedia 2010 International Conference. 
 

 

Figure 46 Screenshot of Sonic Visualiser, showing only few of its many possibilities. 

6.2.2.2 Praat 

PRAAT is a non-commercial software package from University of Amsterdam. It is a tool 

that performs acoustic analysis, both on speech and musical audio. It offers a wide range 

procedures, including spectral analysis, pitch analysis, segmentation, but has also 

features on synthesis, graphical visualizations, and statistics. 

http://www.fon.hum.uva.nl/praat/   

Paul Boersma, (2001) Praat, a system for doing phonetics by computer. Glot 

International, Vol. 5, No. 9/10. pp. 341-345.  

 

http://www.fon.hum.uva.nl/praat/
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Figure 47 Screenshot of PRAAT, showing wave form, spectrogram, pitch annotation and 
structural segmentations. 

6.2.2.3 Beatroot 

BeatRoot is a non-commercial beat tracking algorithm developed at Queen Mary 

University London, It is a metrical annotation system, written in Java and thus running 

on all major operating systems. BeatRoot considers several different hypotheses 

concerning the rate and placement of musical beats, resulting in accurate tracking of 

the beat, and includes the possibility of multiple metrical levels.  

http://code.soundsoftware.ac.uk/projects/beatroot  

Simon Dixon, (2007) Update on BeatRoot and several evaluations including MIREX 

2006: Evaluation of the Audio Beat Tracking System BeatRoot, Journal of New Music Research, 

36 (1), 39-50. 

6.2.2.4 Tarsos 

Tarsos is a modular software platform used to extract and analyze pitch organization in 

music. With Tarsos pitch estimations are generated from an audio signal and those 

estimations are processed in order to form musicologically meaningful representations. 

Tarsos aims to offer a flexible system for pitch analysis through the combination of an 

interactive user interface, several pitch estimation algorithms, filtering options, 

immediate auditory feedback and data output modalities for every step. Tarsos is 

especially well-suited for microtonal music composition. 

http://code.soundsoftware.ac.uk/projects/beatroot
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Figure 48 Screenshot of Tarsos in its typical layout.  

 

http://0110.be/ 

 

Joren Six, Olmo Cornelis, Marc Leman. (2013). Tarsos, a Modular Platform for precise 

Pitch Analysis of Western and non-Western music. Journal of New Music Research. 42 

(2) pp 113-129. 
 

6.2.2.5 Scala 

Scala is a non-commercial software tool that especially serves tone scale organization. It 

allows experiment with musical tunings, such as just intonation scales, equal and 

historical temperaments, microtonal scales, and non-Western scales. It has developed a 

digital format for describing tone scales, and contains a large library of scales, currently 

3900, that are freely available for analysis, experience or music creation. 

http://www.huygens-fokker.org/scala/  

http://0110.be/
http://www.huygens-fokker.org/scala/
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Figure 49 Screenshot of Scala. 

 

6.2.3 Audio Manipulation 

6.2.3.1 Sherman Filterbank  

Sherman Filterbank is a Belgian piece of hardware that manipulates sounds in real time. 

It is a powerful modular analog filtering and distortion unit with a huge frequency 

range that contains low pass, band pass and high pass filters with resonance, frequency 

and ADSR (positive-negative) controls. It is especially has a high distortion capacity, and 

manipulates partials of a sound in the analogue domain. 

http://www.sherman.be/ 

 

Figure 50 Sherman Filterbank. 

http://www.sherman.be/
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6.2.3.2 SPEAR 

SPEAR is a non-commercial application for audio analysis, editing and synthesis of the 

partials of a sound. The analysis procedure attempts to represent a sound with many 

individual sinusoidal tracks (partials), each corresponding to a single sinusoidal wave 

with time varying frequency and amplitude. SPEAR provides tools for editing and 

manipulation of the partials of a sound. Hundreds of simultaneous partials can be 

shifted in time, pitch, density, frequency, duration, loudness. Via resynthesis the result 

can be rendered into an audio file again. 

http://www.klingbeil.com/spear/ 

Michael Klingbeil, (2005) “Software for Spectral Analysis, Editing, and Synthesis,” in 

Proc. International Computer Music  Conference, pp. 107–110. 
 

 

Figure 51 Screenshot of the software SPEAR that shows the partials of Generation 
Amalgamation which are partly erased. 

 

6.2.3.3 CataRT 

CataRT is a non-commercial, open source software from IRCAM. It is an interface for 

audio segmentation and foremost concatenative resynthesis. An audio files is 

segmented into small grains which are then reorganized in a 2D array along a list of 

several parameters chosen by the user. Doing this, CataRT visualizes all the segments 

and allows users to explore interactively by reassembling the segments into a new audio 

http://www.klingbeil.com/spear/
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file. CataRT can handle a single file, but also an entire corpus can be analyzed, and used 

to resynthesize the organized audio units into a new audio file.  

http://imtr.ircam.fr/imtr/CataRT  

Diemo Schwarz, Grégory Beller, Bruno Verbrugghe, Sam Britton, (2006) Real-Time 

Corpus-Based Concatenative Synthesis with CataRT In Proc. of the Int. Conf. on Digital 

Audio Effects DAFx-06, pp. 279-282. Pompidou, Ircam Centre. 
 

 

Figure 52 Screenshot of the software CatArt that segments the initial audio file and 
reorganizes the small units along two axes (in this case pitch and spectral 
flatness). 

6.2.3.4 Reaktor 

Reaktor is a commercial music software program by Native Instruments. It is a modular 

synthesis framework that lets you design graphically an interface for a synthesizer with 

a specific sound and list of effects.  There are more than 3000 free instruments available 

for download at their user library. All of these built instruments can be freely examined, 

customized or taken apart to use in other modules.  

http://www.native-instruments.com/en/products/komplete/synths-samplers/reaktor-

5/  

http://imtr.ircam.fr/imtr/CataRT
http://www.native-instruments.com/en/products/komplete/synths-samplers/reaktor-5/
http://www.native-instruments.com/en/products/komplete/synths-samplers/reaktor-5/
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6.2.4 Sequencer 

6.2.4.1 Ableton Live 

The commercial software Ableton Live is a music sequencer and workstation. Ableton 

Live is a loop-based program typically used for live performances, but serves 

composition, recording, mixing and mastering as well. It contains a large preset of audio 

samples and audio manipulation tools, but allows upload of recorded samples as well. 

Ableton Live has been used in my research as sequencer for the electronic tapes I made 

with African samples.  

https://www.ableton.com/en/live/new-in-9/  

6.2.5 Music instrument building 

One of the final activities in this research was a cooperation with Ondine Cantineau, 

student music instrument building from our school, University College Ghent, to 

construct a lamellophone, a specific African musical instrument. For a good knowledge 

and study of the instrument, we visited the musical instruments collection in the RMCA 

archives, and performed measurements on a series of instruments. We made audio 

recordings, measured the sizes of the instruments, studied the used construction 

mechanisms for the bridge and how to mount the keys.  

For the realization, the aim was not to authentically copy the instruments, but to 

build a model that could be easily applied in a contemporary music set. Central issues 

were the possibility to tune and amplify the instrument. We decided to build four 

similar instruments of different sizes, with consequently different tessitura. 

Therefore all four instruments could made in the same wood and in the same shape. 

The wood used for the lamellophones is jatobá, a very hard tropical wood, measuring 5.6 

on the Brinell scale. The keys are bamboo for the two bass instruments, and metal for 

the other two small instruments. The sizes of the instruments are derived from originals 

from the museum: both the thickness of the soundboards and the thickness of the keys 

were kept. There are two systems for tuning: the instruments with the metal keys can 

be tuned individually without affecting the tuning of other keys, while the bamboo 

instruments use a common bar and are a bit harder to tune without affecting the 

adjacent keys. All the instruments are provided with a built in piezo element for 

amplification and a jack connection in the back of the instrument. 

Many instruments in the RMCA archive have small vibrating elements mounted 

around the keys, that cause a vibration when the keys are struck and add a buzzing 

sound. These elements are of diverse kind: small metal rings around the keys, or even a 

bottle cap. For our construction, it was preferred to not mount them as fixed elements. 

https://www.ableton.com/en/live/new-in-9/
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Therefore they were not included in the building process, but can be added any time 

around the keys due to their easy removal.   

 

 

Figure 53 Four lamellophones from the RMCA archive whose dimensions served as basis for 
the construction of custom made lamellophones. 
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Figure 54 Details of the montage system of the lamellae and bridge of the lamellophone. 
Upper row shows authentic instruments, bottom row the custom made 
instruments. 

 

Figure 55 Left: the four lamellophones made by Ondine Cantineau. Right: Construction 
process and details of the instruments. 
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Table 14 Dimensions of the four lamellophones, in cm. 

 ―soprano‖ ―alt‖ ―tenor‖ ―bass‖ 

Width 70 100 130 200 

Length 130 180 200 300 

Height 25 30 50 60 

 

 

Conclusion 

This chapter started with the adapted taxonomy of Lesaffre. The musical components 

that are distributed from low to high descriptors are then organized in a personal model 

of bipolar axes. The axis explicit-implicit is detailed, and the musical components are 

reorganized. The colors refer to the original organization in the low-high level from the 

taxonomy. For a systematic approach, for compositional ideas, and for experimental 

awareness as a composer, this model was fruitful. Especially in the view of artistic 

experiment, it gave a convenient systematization of musical components. It creates a 

selective focus on the complex whole of which music constitutes. The second part 

contained a technical overview of used techniques and technologies, which had a broad 

range: from the use of sensors in artistic applications, to audio manipulation tools, to 

music instrument building. 
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Chapter 7 Artistic results 

This chapter will overview the artistic results of this dissertation. For each work, the 

conceptual idea is given, as is an inside view that relates to the taxonomy. For me 

personally the axis explicit-implicit influence is the most interesting one. Ethnic 

influence suggests that (usually external) information is a basis for inspiration. In the 

compositions made during this research, I attempt to use different compositional 

approaches and techniques. Sometimes there is an explicit use of ethnic elements 

within my music, at other moments, it is implicit and noticeable only to an informed 

audience. The second part contains four different perspectives from where I could 

approach my work by, the ambiguous position as artist-researcher in a PhD in Art 

concerning ethnomusicology. 

 

The chapter is partly based on: 

Cornelis, O. (2013). From information to inspiration, sensitivities mapped in a casus of Central-
African music analysis and contemporary music composition. Critical Arts. 27 (5) pp. 
624-635. 

7.1 Analysis of works 

7.1.1 Lager Gelegen 

Concept 

―Lager Gelegen‖ is a composition for ensemble. It is written as a homage to the composer 

Lucien Goethals. The title contains his initials, and refers to the existential question of 

life and death. In the piece itself a melodic citation from the work of Lucien Goethals is 

used (clarinet bars 95-98, and piano bars 150-end). 

The piece starts as an allegory that alludes the atmosphere of a pampas. Gradually, 

some interventions in the percussion are introduced. It starts with a single hit, but 

develops until a constant pulse is achieved. The pulsation is not regular, it is a constant 
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syncopation that invests in alternating the length of the offbeat phase of the 

syncopation. The middle part consists of an additive chord progression. The piano 

expands up to a series of 8 chords and then gradually diminishes again till one wide 

chord remains. On the longest chord section the clarinet uses a citation of Goethals 

work. The following part has a more complex polyphonic structure with a piano solo 

passage. The last part starts with a continuous auditory tension between flute and 

clarinet that play constantly a minor second apart. The strings add a very consonant 

layer, and the piano introduces the citation again, as an epitaph.  

 

Inside 

The procedure of extended syncopation can be understood against the idea of the 

fastest pulse in African music. It therefore connects with the mid-level descriptors of 

the taxonomy, and plays with perceptual effect of the extended syncopated offbeat. 
 

 

Figure 56 Fragment of the score of ―Lager Gelegen‖ (bar 150-155) with the transposed 
citation of Lucien Goethals in the piano. 
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Figure 57 Fragment of the score of ―Lager Gelegen‖ (bar 49-56) with the continuous playing 
of off-beat pattern in the percussion with different lengths.  

7.1.2 From Fiddle to fickle 

Concept 

'From Fiddle to fickle' is a short composition that experiments with the possibilities of a 

sample. The entire piece is based on one single African audio recording, made available 

by the RMCA. It was recorded in 1969 in former Ankole, now South-Uganda, and 

contains two fiddles, percussion and voice. The piece itself is interesting because the 

two melodies of the fiddle behave as some kind of a canonic counterpoint. The 

composition ―From Fiddle to fickle‖ starts with the original recording but after a few 

seconds the sample is added on the original by which it becomes like a canonic 4-voiced 

fugue. The multilayered song then starts to alter and deform using several electro-

acoustic techniques and effects. Both hardware and software components were involved 

in the process. Main contributions were obtained by SPEAR and Sherman Filterbank. 

The piece especially alters partials, and adds several gradations of noise and grain. 

Sometimes the noise overrules, but after a while the pulsation becomes again more 

clear. Gradually the piece becomes more and more unrecognizable and ends up in a 

total amorphous sound that fades into growling.  
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Inside 

The beginning of the piece plays with high-level descriptors and contextual elements. It 

imposes western musical ideas, such as canon and fugue, on the African recording. But 

when the manipulation and deformation process starts, it is mainly focused on 

acoustical low-level elements. It is about spectrum, timbre, frequency, energy and 

intensity.    

 

Figure 58 Spectrum overview of the composition 'From Fiddle to fickle' shows the 
manipulations of the partials. Software used ISSE. 

 

Figure 59  Spectrum overview of the composition Generation Amalgamation, notice the 
sections with cut-out partials. 
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7.1.3 Generation Amalgamation 

Concept 

―Generation Amalgamation‖ is another electronic piece. But instead of using one single 

recording, it, as the title might suggest, uses a whole series of sounds. The starting 

sample that was used is heavily deformed. It rather relates to contemporary electronic 

work and has no recognizable component to its African origin. Then tiny samples infer, 

a single handclap, sampled from a recording, then another handclap, and a flute, a lute, 

a scraper, singing voices and so on. The origin of the samples becomes more and more 

clear, several layers of samples are added simultaneously. A wide diversity of samples 

pops up, on top of the basic layer that keeps playing with small variations. A rhythmical 

component enters the composition, and sets out a pulsation. Several other samples are 

added, until the information density increases up to more than ten simultaneous 

samples, including many different singing voices and techniques. The piece ends with a 

short spoken word ―arrêt‖.  

 

Inside 

In a way, ―Generation Amalgamation‖ characterizes itself as the reverse process as the 

one used in From Fiddle to fickle. Former starts with an unrecognizable sound, where 

latter ends with such. This sample, that lasts the entire composition, is an extremely 

time-stretched sample that is also pitch shifted. This compositional action connects to 

the low-level region of the taxonomy. The addition of short samples that were not 

deformed, tends to contextualize the used sounds which brings us higher in the 

taxonomy. Even the very small segments that are inserted firstly, are directly 

recognizable as a sampled sound. When more samples are inserted, the African origin 

reveals.   

 

Figure 60  Wave representation of ―Generation Amalgamation that clearly shows the 
increasing loudness and density. 
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7.1.4 Con Golese 

Concept 

―Con Golese‖ is a piece for voice and tape. It has been performed in a version with and a 

version without sensors. The idea is to make different kinds of confrontation between 

tape and voice. The tape is made of samples from the RMCA archive, sometimes literally 

used as a citation, sometimes slightly manipulated as a vague reference, and sometimes 

heavily distorted hinting alienation. The voice has similar diverse pallet: from spoken 

words, lyrical lines, citation, to mouth clicks and noise components. The sound of both 

parts maintain a relationship that shifts from harmonious, where the sound of both is 

hardly to separate, to a relationship of indifference, and even hostility and battle. The 

version with sensors allowed the singer to alter the tape by moving the hands onto 

which the sensors were placed. With her gestures, she operated a high-pass filter and 

the pitch of a grain delay, effecting directly the musical tape. This gave the singer real-

time control of the music to which she was singing. This opens up more interaction of a 

tape composition with its performer, and by which every performance would generate a 

varying musical result. The opera singer found the experience both liberating and 

artistically very interesting. Bodily expressions - often gestures - ensued on the vocal 

part, felt natural and caused a closer blending of voice and tape. 

 

Figure 61 Fragment of the score of ―Con Golese‖. 
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Inside 

The tape contains solely samples from the RMCA, however, some are literally cited 

while others are unrecognizable deformed by many filters. This connects the contextual 

level with the signal level. Tempo and pitch are less emphasized in this work. The work 

has been performed by two different singers, the interpretations, both interesting, were 

very diverse, where one tried to make the best performance of the score, and the other 

really interacted with samples on the tape.  
 

 

Figure 62 Rehearsal from ―Con Golese‖ with singer and HOP sensors. 
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7.1.5 EME 

Concept 

The EME application is a haptic music controller for musicians and non-musicians. The 

performer who is wearing the sensors on small gloves, can control and change the 

music by movements of the hands.  The music composed for the EME application had to 

be conceived in such way that the selected types of movement (and related influence) 

are connected to acceptable and obvious parameters in the music. The music had to be 

robust and meanwhile interesting enough for both systematic and repeated movements 

as well as for short and irregular gestures. The musical basis for each performance is a 

non-stop loop that offers a basic percussion track and chords. The other layers in the 

music can then be triggered or modulated by movement, so that the user(s) get an 

instantly enriching sound. (i) Volume triggering, for example, controls the volume of 

another (synchronized) percussion loop according to the quantity of movement. A 

movement discontinuation stops the extra percussion, while a continuous movement 

controls the volume level according to the intensity of the gesture giving the performer 

the feeling of an embodied control. (ii) Timbre modulation is obtained by rotation of the 

hand. This can be achieved simultaneously with the volume triggering. Multiple timbre 

filters are possible, and even in a combination: reverb, flanger, distortion, high pass and 

low pass filter. (iii) Samples (or notes) can be triggered through abrupt changes in 

movement. The sonification is based on an algorithmic pitch component that takes into 

account pitch distributions related to particular musical genres.  

Adding notes, and effectively creating a melody, to the looped sample, is quite 

challenging when the notes are triggered based on a single trigger condition. This 

problem was solved using an algorithmic composition. The triggered note is chosen 

from a set of well defined possibilities that are calculated percentagewise by rating all 

the possible next candidates based on the previous note and on its time position in the 

actual chord. The choice of the note is in fact an organized randomness, disfavoring 

notes that would not sound good, and attribute a nonzero percentage to all the notes 

that would fit well. For each different chord in the music, a specific table of percentages 

has been assigned for all twelve notes within one octave, respecting the underlying 

chord structure of the song. These limitations in the randomness were necessary for 

guaranteeing the musicality, and are for each song different. An additional advantage 

for this individualized assignment of values is the possibility for compounding melodic 

lines towards musical genre. Certain melodic intervals can de banned, marginalized, 

favored or even obliged. Basic theoretical principles employed are rules of tonal 

harmony and counterpoint, but the composer is free to distribute the percentages as he 

wants to. It allocates the composer to assign certain rules and or limitations, but the 

progress of the melodic evolution cannot be foreseen. Melodic progress can thus have 
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dodecafonic rules (percentages are evenly spread for the 12 tones), harmonic rules 

(chord notes and passing tones)… 

The EME was firstly presented at the public event Resonance, on February 16th 2008, in 

Ghent, Belgium. Participants could try five different demo‖s. A follow-up demonstration 

was given at the 14th International Conference on Auditory Display (ICAD) organized at 

IRCAM in June 2008, in Paris, France. 

 

Figure 63 Logo of the EME application. 

 

Inside 

The different options of sound and music manipulation refer to different levels in the 

taxonomy. Some are related to the acoustical level others are related to the structural 

and expressive level. The embodied expression falls outside the scope of the taxonomy. 
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Users could not manipulate the tempo with the sensors. This seemed an easy task, since 

people can tap a beat, which can be measured by the sensors and used as a tempo 

modulation of the audio loops. But in practice, this did not work. People made the 

tempo fluctuate all the time, and with much to wide variance from slow to fast which 

resulted in a unpleasant auditory progress. The dynamics, timbre and pitch classes were 

useful in the EME: Loudness for dynamic area, spectrum and roughness for the timbre, 

and melody for pitch descriptor. Remarkable that all three these components have a 

different position in the low-high level descriptors.  

 

Reflection 

Observation of the EME users showed that people need a learning period before having 

grasped all the possibilities of the sensors. Particularly to master the different sound 

effecting opportunities of one sensor simultaneously, seemed a demanding task which 

needed some practice. Nonetheless during practicing performers clearly improved their 

skills, up to a level of really controlling different aspects within the presented musical 

piece. Some people clearly moved strictly on the beat, resulting in a repetitive 

movement of the hand, while others more tend to dance on the music and thus moved 

in a more lyrical way, making curves and gestures with their hand. The musical output 

between these ―punchers’ and ―floaters’ differed, because different parameters were used 

more or less intensive. 

7.1.6 Nelumbo 

Concept 

―Nelumbo‖, lily, is a composition for two singers, one dancer and sensors. The global idea 

of the composition is that the two-voiced score brought by the two singers, can be 

extended by harmonization controlled by the dancer who is wearing sensors on the 

upper part of the body. The MTx sensor system registers the place and orientation of 

the four sensors mounted on wrists and elbows, and their position towards the central 

sensor on the chest. If the sensors are in widest position, generating full volume of 

harmonization, the two-voiced composition can be extended up to a six-voiced choir. 

The sensor on the elbow adds a third, and the sensor on the wrists adds a fifth to the 

original voice. This accounts for both voices. The dancer can thus interact in the 

composition, and create a homophonic six-voiced composition in real-time. The 

composition contains of four parts, which reflect the four seasons of the lily in the water 

pound: under water, surfacing, flowering, disappearing.    
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Figure 64 Detail of the score of ―Nelumbo‖ where the additional voices are notated in the 
outer staves. 

Inside 

The harmonization software gave me the idea to use the doubling of voices. Harmony is 

a high-level descriptor that relies on a contextual reference. Harmony in a Western 

context is a polyphonic phenomenon, it is about chord progression that combines 

several melodic lines in a counterpointillistic movement. However, harmony is also an 

element in Central-African music that can be found in the homophonic singing of 

Pygmy people. It is a typical technique of using a structure of parallel voices, regionally 

varying from octave, fifth, thirds, fourths. The harmonization actually does transform 

likewise and is this idea that was used in ―Nelumbo‖ to experiment with ethnic influence. 

Besides this, it is worth pointing that the interactive connection between dancers and 

singers relates for me to perceptual and sensorial descriptors, although it leads to an 

acoustical result. 

 

Figure 65 Picture of the live performance of ―Nelumbo‖ at ComAV!dag, 14 March 2010 in 
Lemmensinstituut (Leuven). From left to right: Olmo Cornelis (composer), Pieter-
Jan Maes (electronics), Chia-Fen Wu (singer), Antonella Cusimano (dancer), and 
Katty Kochman (singer). 



 

132 

Reflection 

The use of sensor technology as interactive component in composition radically alters 

the traditional view and role of a dancer, performer and composer. In this setting, the 

dancer is provided with a technical mean for a direct control over the auditory result. 

His/her embodied gestures can influence the expressive power and final result of the 

composition. It enhances the interaction and collaboration between the dancers and 

singers. 

The auditory effect of doubling voices by harmonization did not always deliver a 

natural sound. The impact of the added voices was clear and did simulate the dimension 

of a choir, but the global sound did lose a bit of its quality. For example, when the singer 

uses vibrato, the parallel harmonization creates unnatural parallel vibrato whereas in a 

natural setting phases of the sound would not be aligned. In the spoken passage, the 

doubling had a rather comic effect, which was not wanted in the given composition. It 

has to be mentioned that the singer did not have any musical education, and did not 

follow the instructions that were written on the score.   

7.1.7 Des cent ans d‖un escalier 

Concept 

The title ―Des cent ans d'un escalier‖ is a reference to the famous 'Nu descendant un 

escalier n°2‖ from Duchamp, that was painted exactly 100 years before the piano solo 

piece‖s creation. Besides the historical occasion to celebrate the paintings anniversary, 

there is also a intrinsic reference. 'Nu descendant un escalier‖ is a milestone in art 

history since it was the first work that combined cubism and futurism. The painting 

depicts a cubistic reduced figure that seems to descend a stair case. The repetition of the 

abstract figure insinuates a rhythmical movement. The work was also the starting point 

for several artist to work with collage techniques. For me personally, I was intrigued by 

the quality and the historical dimension of the work, which I wanted to refer to in my 

composition. Therefore, ―Des cent ans d'un escalier‖ tries to morph these elements in 

music: the cubistic rhythm of the figure is converted into a descending chord 

progression that returns several times in the composition. This musical idea alternates 

with a static chord with minimal changes. The two musical elements repeat, and are 

confronted with melodic interferences that are added as snippets in a collage. Finally 

these several elements merge that forms the start of the second part of the composition, 

a cadenza. It is a rhythmical and agitated melodic descending progression. It refers to 

the typical and natural African melodic progression of a descending melody. But 

especially, it refers to the very fast and rhythmical recitations that occur in male 

singing in Central-Africa. These recitations are notorious for their speed and length. It 

are cascades of words in a rhythmical stream of words that deal with stories about 
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hunting and old victories. Often singers alternate, trying to outperform the other with 

the longest and most cutting phrase. It results in a long descending line, from high to 

low pitch, that takes up to 20 seconds, with dozen of syllables, and in one large 

microtonal stepwise scale.   

 

Inside 

This piece is only partly referable to the ethnic influenced research, namely the B-part 

which is the cadenza with descending melodic recitation. It deals with structural mid-

level descriptors in the field of dynamics (trajectory) and pitch (citation), perceptual 

mid-level descriptors such as pulse and tempo, and acoustical low-level descriptor of 

microtones. 

 

Figure 66 Fragment of the score of ―Des cent ans d'un escalier‖ (bar 1-2). 

 

 

 

 

Figure 67 Allegory on the typical descending recitation in Central-African music, in ―Des 
cent ans d'un escalier‖ (bar 42-46). 
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Figure 68 Nu descendant un escalier n° 2‖, Marcel Duchamp, 1912, Philadelphia Museum of 
Art, Philadelphia. 
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7.1.8 Traces from Tracey  

Concept 

This composition explicitly investigates the field of tension between performer and 

audience. In Western culture, there is a distinct difference between the two, increased 

by the physical border between stage and hall, where one is expected to listen quietly, 

and show appreciation afterwards with applause. This is in contrast to the musical 

expressions of oral musical cultures (Aubert, 2007). In Central African music, for 

example, each listener may be, at the same time, a participant. Another contrast is 

about the impact of the duration of a song for its audience, where, for example, a ritual 

can repeat for hours. As third contrast, it is apparent that musical cadences, typical in 

Western music, are uncommon in African music (Agawu, 2003).   

In ―Traces from Tracey‖ these differences in behavior were confronted with a 

traditional Western setting: the audience members, unsuspectingly, entered the concert 

room, were compelled to find a place among the musicians, and were handed several 

rhythmical musical instruments. They were given a brief explanation for joining the 

music by playing some ostinato patterns that typically appear in Central African music. 

Such repeating pattern is also called a timeline or topoi (Koetting, 1970; Agawu, 2006), 

which is in this composition the famous 12/8 pattern as displayed in Figure 8. In this 

transcription, it is notated in a 12/8 signature, showing the entire pattern. The first part 

has syncopated notes off the beat, the second part contains notes on the beat, which 

implies a constant switch of on/off beat feeling. Note that all of the musical concepts 

used here are Western interpretations. In this notation one can even discuss the actual 

beginning of the pattern, that is often seen as circular. 
 

Inside 

The conceptual idea of integrating the audience in a performance is beyond the given 

taxonomy. It is a high-level descriptor, leaning towards the expression level, and has 

completely contextual connection. On the other hand, the ostinato pattern that was the 

basis for the composition is to be located between mid-level descriptors. 
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Figure 69 Screenshot from the mobile score ―Traces from Tracey‖. 

7.1.9 In between 

Concept 

―In between‖ is a series of electronic miniatures that typify by their microtonal scales. 

Almost all Western music relies on the equal-tempered tuning that divides the octave 

into 12 equal parts. However, musical scales can be organized very differently. In Arabic 

music, scales profile themselves by several intervals smaller than the 100 cents that 

typically constitute a semitone (one-twelfth of an octave) in Western music. In Central 

African music many different kinds of scales prevail from equal-tempered pentatonic to 

more complex divisions with mirrored intervals. In the miniature series ―In between‖, 

each composition uses a different microtonal scale. Each scale has its own color, 

resulting in pieces with a very diverse character, especially since the series uses 

Western music instruments and the music is, besides the scales, using typically Western 

melodic and rhythmical musical idiom. 

 

Inside 

The series ―In between‖ highly confronts western and non-western components. The 

pieces are all written in a standard western idiom, it uses its instrumentation, it applies 

melodic and rhythmical rules and has a certain idiomatic development. But on the other 
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hand, the pitch, interval and scale organization are connected to non-western 

standards. Therefore it is related to the mid-level descriptor of the group pitch. It 

creates quite some restlessness for the listener, since it are western music instruments 

that usually rely on fixed pitch classes, to which we have become perceptually 

dependant. Timbre and scales coincide as a platonic couple, whereas in this composition 

this partnership is put at risk...  

 
Table 15 Example of a constructed hexatonic scale. Row 1 shows the pitch classes of the 

scale, the following rows the interval distance in cents. The scale contains several 
pure thirds (minor and major, respectively 316 and 386 cents), that together 
create fifths, but that consist of seconds that are far away from the western minor 
and major second (185 and 130 cents versus 100 and 200 cents). 

189   374   505   691   888   1020  

 185   131  186   197   132   369 

554   316   317  383  329  501  

 685  502  514  515  698  686 

817  871  699  646  884  883  

 1003  1068  831  1015  1069  1014 

 

7.1.10 In Cinder  

Concept 

This composition is an electro-acoustic work: it combines instrumental score with a 

tape recording. The tape is an extreme example of sampling technique, namely 

concatenative composition. An audio file was segmented into very small time units, up 

to 100 samples per second and these are then reassembled in another order. In this case, 

the CataRT software from IRCAM (Schwarz, 2006) reorganizes the audio segments along 

axes with auditory characteristics, such as pitch, intensity, dynamics, and spectral 

information. It leads to a 2D-graphical layout where all audio units with similar 

characteristics cluster together. Next step is to reassembly these audio units. CataRT 

contains several playback options for gluing the samples into a new tape. As composer 

you try to create an interesting sound path through the graphical display. One can 

create a trajectory through all the samples and the playback options makes a 

sonification using the chosen settings. The result can be very surprising, sometimes 

hinting towards the initial sound, sometimes creating a distorted tape that resembles in 

nothing to the original audio. CataRT can analyze one single audio file, but two or more 

files can be arranged into one graphical display as well. In this composition CataRT was 
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tested on its limits arranging the African samples from the RMCA on the tiniest sample 

rate, being glued together with intense pitch manipulation. The result is a tape that 

varies from familiar, to recognizable, to vague, to mysterious, to noise. The ensemble 

that plays together with the tape has a fully written score. The score contains diverse 

musical ideas that are presented during the piece; repetitive parts, melodic cadenza‖s, 

but also very chaotic scenes. The main idea is to let the ensemble balance between 

merging with the tape, that is to blend, or to be opposed and to conflict with it.    

The tape consists entirely of audio recordings from the RMCA. The beginning of 

the tape, for example, is solely made from noise found on the Edison wax cylinders that 

were recorded more than 100 year ago in former Belgian-Congo. The title, ―In Cinder‖, 

refers to the ashes (the segmented audio segments) from which, as a phoenix, new live 

arises. 

 

Inside 

The concatenative process starts literally with chopping the audio file in such small 

parts that they are no longer recognizable. However, they still contain all the 

information about pitch, dynamics and timbre. It could be compared to a human cell, 

that still contains its DNA information. The small sample rate, with its information 

about spectrum, frequency and energy, is completely to be situated into the low-level 

acoustical descriptors. Because of the segmentation, all the time related information is 

ignored. The concatenative reorganization is based on an alignment of non-time-bound 

characteristics, but uses loudness, pitch, and spectral information. The 2D-display that 

contains all the small excerpts, is the new creative domain for reshaping a new audio 

file by connecting similar excerpts. It is the user who makes a new path through all 

these tiny audio fragments, completely unbound to any contextual information. The 

auditory information that is aligned in the 2D visualization explicitly discards all 

contextual information, as well as all high-level descriptors.  

 

The music-technical notation of a certain passage in the score needs some attention 

(clarinet and marimba in bars 57-58, and 308-309). Figure 70 and Figure 71 visualize two 

versions of the same scene. It actually contains the same musical content, but it is 

written from another perspective. In the first example, there is a divisive approach in 

notation: all main beats are made visible towards the rhythmical background from the 

piano and previous bars. While the second example prefers to visualize the 

polyrhythmic layers in these bars, where both voices are hierarchically non-dependant. 

In regard of the taxonomy, the first notation would be situated lower than the second 

notation. The first approach is much more appreciated by western music performers, 

that prefer to subdivide from high to low level.   
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Figure 70 Screenshot from ―In Cinder‖, notation that emphasizes user performance practice. 

 

 

Figure 71 Screenshot of ―In Cinder‖, alternative notation, that emphasizes the polyrhythms. 
 

7.1.11 Tales of Tides 

Concept 

―Tales of Tides‖ is a composition for string ensemble and piano. It has several bipolar 

layers that are included in the work. The title refers to the tides, where ebb and flow are 

each other‖s extremes. Thematically this is related to the composition in the way that 

the entire piece uses two musical contrasting ideas. The one is a dense, articulated 

rhythmical ostinato, the other is a static, gradual accumulation of notes, as a point of 

rest. Former is a pattern that for each cycle, takes 40 eighth notes, the latter always has 

a different duration. The second bipolar layer is about the tension between the soloist 

on the piano and the string ensemble. The string ensemble can only be understood if all 
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five parts are playing together. Each voice does have an individual and separate role to 

play, but the ostinato only appears if all parts are playing together. For each repetition 

of the ostinato pattern, the relationships between the string instruments changes. Or 

they play as a hocket figure where the instrumentation jumps from the one to the other 

instrument to form the ostinato, or they play in two separate groups, or together homo-

rhythmically. The pianist has a soloist role above the continuous Gestalt that forms 

besides him.  

 

Inside 

Besides the thematical and structural bipolarity, there is a third bipolarity that actually 

forms the key building stone of the composition. It is a bottom-up element, namely the 

asymmetrical alternation of binary and ternary pulsation. It is the varying repetition 

from this low-level descriptor that steers the piece. The pulsation has the following 

pattern: 3322232322323332. It makes the 40 unit ostinato. This chain of pulses can also 

be represented in a more mid-level descriptor, namely organized in bars with different 

meter: 6/8, 3/4, 5/8, 5/8, 5/8, 5/8, 5/8, 8/8. Or 6/8, 3/4, 8/8, 7/8, 5/8, 8/8. Or even eight 

times 8/8, but in this construction the accentuation does not follow the implied 

hierarchy of the bar itself. But we can interpret the ostinato figure on a high-level 

descriptor as well; the overarching whole of the ostinato. It is a Indian tala, a rhythmic 

pattern that is constantly repeated and sets the musical organization of a piece. Such 

tala can be short and simple, but also very long and complex, up to more than 100 units. 

The interpretation of a tala that is used here, has a length of 40 pulses, which is too long 

for a listener to perceive and to internalize as a pattern. Although, the pattern has some 

characterizing melodic and rhythmic components, that allows the alert listener to keep 

track of the pattern. The three descriptor levels on which one can synchronize (pulse 

(low), bar (mid), pattern (high)), are culturally linked: in African music the smallest 

pulse is seen as the most meaningful starting point (Agawu, 2003), but in a Western one 

tends to organize structure in the mid-level range of bars, while in the Indian music the 

tala is seen as the unit of organization.  
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Figure 72 The 40 units long ostinato pattern from ―Tales of Tides‖. 

7.1.12 Soundscrape 

Concept 

The lamellophone is unique to the African continent, and plays, especially in Sub-

Saharan Africa, an important role. Within this dissertation, the instrument is put in a 

contemporary music context; an ensemble plays the four amplified lamellophones with 

percussion and voice. These conditions are not specifically identifying a Western 

context, as for example the band Konono plays in a similar way. But such ensemble is 

not a usual set-up, since the instrument is, in an oral context, most often played by a 

single man who is accompanying his own singing. A more distinguishing element is the 

use of extended playing techniques, that are typically developed in the 20th century for 

Western music instruments. Such use of non-conventional playing techniques results in 

an a-typical sound and is explored in this composition. Another element is the 

transformation of the sound with several hardware applications, such as the Sherman 

Filterbank. Creating a high sensitivity in the amplification creates the opportunity to 

enlarge the tiniest sounds from the instruments to other proportions. 

 

Inside 

The reconstruction and implementation of musical instruments in contemporary music 

is a very explicit form of cultural influence. Such use of foreign instruments connects to 

the highest level of the taxonomy, it is in fact completely contextual.  

The scales that are used were microtonal constructions. They did not always related 

to existing African scales, and used sometimes theoretical constructions, as for example 

the equidistant heptatonic scale (with intervals of 171 cents). This does not exclude that 
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such scale could be in use in the African continent. The used scales refer to mid/high 

level descriptors of the taxonomy.  

For this first composition made on the instruments, there were many audio 

manipulations on the signal level, by using hardware such as Sherman Filterbank. This 

connects the piece to the lowest, signal-based regions of the taxonomy. In a way, the 

entire taxonomy is reflected in the design from concept-to-practice  

Another contextual reflection, that I only made afterwards, concerns the choice for 

building four instruments of different size and tessitura, which is the projection of the 

conventional idea of the typically four voiced choirs and string quartets to the 

lamellophones that are usually not played in a set.  

A modest attempt has been undertaken to develop an easy notation system. In order to 

make a written composition that uses microtonal scales, an appropriate music notation 

was wanted. The Western symbolic notation, even with quartertone symbols, is not 

precise enough. Another issue is the characteristic interlocking playing technique: left 

and right hand usually alternate in striking a key. Due to the organization of the keys 

and its two dimensional pitch projection of the lamellophone, such jumping playing 

technique could well result in a succeeding ascending or descending melodic line. The 

physiognomy of the instrument does, indeed, divide the scale over both hands. For 

example, the right hand could have a series of thirds (for easy understanding: C E G…), 

while the other hand has also series of thirds (in this case: D F A…). The contour of the 

keys‖ montage is not one direction as the, for example, piano keyboard or marimba. 

Therefore the projection of a melody in a standard western notation, is difficult to 

musically interpret on the instrument. And even if notated on two staves (left hand 

right hand apart), it creates an unwanted splitting up of the melody into two parts (as a 

zipper that is opened). Therefore, we choose to create a tablature notation. That means 

that the physiognomy of the instrument is projected in the score. We designed for each 

instrument a specific tablature that features the projection of the keys in such way that 

the middle key, which is being played with both hands, is the middle line in the 

tablature, and is set bold. Right beside that line, the other keys are projected in the 

other lines. Each line represents one key in this notation system. The score is held 

correctly if the lines are displayed vertically, as they were a prolongation of the keys. 

For a correct understanding of the tuning, the top of the page is provided with a small 

projection of the intended pitch classes: starting from their nearest neighbor in Western 

notation, their deviation towards the Western pitch class is detailed with their absolute 

cent value. 

Next step is to write the score on this created template. To do so, the pattern is 

projected in note heads onto the lines. The note heads are all connected with mensural 

lines both on the left and on the right. On the left side, the main beat is projected, while 

on the right side, the actual rhythm is visualized. This creates an easy way to understand 



 

 143 

the musical pattern. The patterns in lamellophone performance are usually very 

repetitive, therefore, in the music notation, one can group the notes of one single 

pattern, and if necessary the number of repetitions can be added. 

 

Figure 73 Lamellophone and its proposed tablature notation on the right, each box contains 
a pattern, on top the pitch of each key is projected on its nearest neighbor from 
the Western equal tempered system with an indication of the deviation and its 
absolute pitch value in cents. 

 

Reflection 

It has to be mentioned that the tuning of the instruments was not evident. The smallest 

modification of the length of the keys, altered the pitch more than sometimes intended. 

For an exact application of a scale, whether a theoretical scale or a scale retrieved by 

Tarsos, one had to patiently try and modify.  

One of the (western) performers that will play on the lamellophone, did held the 

score horizontally, instead of horizontally, mentioning that it is still easier, by habit, to 

follow the score horizontally. 
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7.2 Four perspectives 

This part is based on the publication: 

Cornelis, O. (2013). From information to inspiration, sensitivities mapped in a casus of Central-
African music analysis and contemporary music composition. Critical Arts. 27 (5) pp. 
624-635. 

 

After the analysis of all the works, I now aim to define four different points of view that 

I took (could take) in this research. It is me, as composer-musicologist, as musicologist-

composer, as musicologist, and finally as composer. I try to confront my own position in 

these four researcher paradigms, in the perspective of the historical background of 

ethnomusicology and some concepts from Foster‖s 1995 essay, ―The artist as 

ethnographer?‖ 

1) As a composer-musicologist, I have created a bipolar model that organizes musical 

elements along several axes (see above Figure 42, Figure 43). These different axes – from 

explicit to implicit influence, from concept to effect, from anthropological insight to 

l’art-pour-l’art – aim to create an awareness of the actual position of the artist, especially 

because of the symbiosis of (scientific) analysis and personal artistic practice. Such a 

framework avoids the danger of ideological patronage (Foster, 1995), but allows 

informed artistic choices on an aesthetic, a functional and a conceptual level, whether 

purely functional for the production of an art object, or whether serving to make a 

statement. Any influence or reference in my music can be localized, framed and defined. 

The electronic component of ―In Cinder‖ is a fusion of short audio excerpts. It is an 

explicit kaleidoscope of Central African music containing hundreds of samples that are, 

intentionally, used without any further notice of their content, function or origin. In 

this context, the re-use of (recorded) sound is a conceptual idea, and the abandonment 

of all its content and meta-data conflicts with the traditional anthropologist/ethno-

musicological design. It deals with the effect that the rush of sampled material 

generates. C.L. Krumhansl argues that timbres can be recognized by leaning only on a 

very brief stream of information (Krumhansl, 2010), which is also the case in ―In Cinder‖: 

somehow, people have created a platonic residue of types of African music. For very 

short audio fragments this is reflected in timbres of instruments and voice, language, 

and the specific tonal scales (intervals).  

For the artist, compositions are part of a learning process, part of the path one has to 

follow to achieve a personal artistic expression (that can never be fully achieved). An 

artist with an interest in ethnicity should deal with two criteria in this matter: a full 

awareness by the artist of what he uses, what he does/tries to do, and what he 

investigates/tries to investigate. The second element is the requirement that the artist 

does not solely copy (out of effect), but that s/he merely integrates elements in his/ her 
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own art. The artist should strive for personal expression which is not based on copying 

elements, but should focus on where information nurtures inspiration, as the title of 

this article suggests. Plain copying or extrapolation does pertinently risk exoticizing ―the 

other‖ (Foster, 1995). In my work the idea of ideological patronage could well be reversed, 

attempting to confront a Western public with musical concepts that are unfamiliar or 

unknown to them: these are our traditional concepts that keep us within certain 

accepted borders, excluding feelings of discomfort. The composition ―Traces from 

Tracey‖ depicts such Western cultural ideological patronage, since it is the public who 

suddenly became ―exposed‖. In this primarily sociological experiment ―we‖ became the 

―other‖, since the audience was urged, by the composer, to (re)act in an unfamiliar 

setting. The audience members were removed from their ecological comfort zone 

(Leman, 2007), and were hesitant about performing collaboratively with the musicians. 

After a few individual attempts at rhythmically joining the musicians, most members of 

the audience joined in, playing (nothing more than) the suggested basic rhythmic 

pulsation. The piece ―From Fiddle to Fickle‖ is another example of ideological patronage: 

the beginning of the composition consists of an original African song in which one could 

more or less track compositional techniques such as counterpoint and fugue, but these 

concepts are superposed by the artist in developing the composition. This could not 

only be seen as some kind of ideological patronage, but also as its reverse: Whose 

culture is being exposed? (since the typical Western compositional elements are 

exposed).  

2) As a musicologist-composer, I noticed that the artist as ethnographer did encounter a 

new rival in the academic artist, with the recent possibility of obtaining a PhD in art (at 

art schools in collaboration with universities): a PhD based on scientific research 

intertwined with artistic realizations. This could be a mode of self-presentation that 

indeed would foreground the emblematic figure of ―research‖ as one of the key problems 

within the ethnographic turn in contemporary art, which resolves the artist-envy and 

ethnographer-envy (Foster, 1995), because it serves an interdisciplinary approach gaining 

content and contextual information, and implies reflection, self-critique and personal 

adaptation within an artistic trajectory.  

From this very position as a researcher-artist, however, the aspect of outsideness 

becomes paradoxical: on the one hand I act as a complete outsider who has not engaged 

in any (musical) fieldwork. On the other hand, though, my daily occupation of analyzing 

scales and temporal features in Central African music has given me interesting insights 

into scales and scale evolutions (Moelants, 2009), and numerous opportunities to listen 

to many different scales (Cornelis, 2012). Musical scales were retrieved, revealed and 

demystified using the TARSOS software. This creates an informed artist, who relies on 

computational methods to enhance the tangibility of scales, and eventually to reuse 

them in his/her own compositions. The ―In between‖ series was produced in this 
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manner. Therefore, the claim not just to speak about the other but to speak from within, 

is not located in a physical within per se, but, in my case, rather in a cognitive within and 

in the end, maybe even already some kind of sub-conscious within. It is not about a 

limited or automatic access by in- and outsiders, but the possibility of informed access.  

3) The musicological perspective connects historical ethnomusicology to Foster‖s 

misplaced temporalization, whereby non-Western practices are sometimes seen as a 

throwback to earlier, more primitive forms of humanity. It is remarkable that similar 

assumptions formed the basis of comparative musicology: there was a belief that non-

Western music was essentially static and unchanging (Nettl, 1985). It guaranteed the 

validity of research that was performed on a small number of samples at hand. These 

theorems and methodologies were criticized and adapted when new data, and the 

means of transcribing such data, became available: more recordings, longer recordings, 

fieldwork, contextual information, video recordings. In current research, with the 

emergence of digital archives another shift has become noticeable: the field came to the 

scholar, and the rise of computational ethnomusicology with its proper approach and its 

potential for scanning large archives acts as a time-window.  

4) As a composer, I believe cultural influences are inherent and necessary to any 

composer, whether it is about local or global interests, topical or foreign elements, and 

whether you are in an emic or etic position. Is being ―informed‖ and being aware of your 

influences a requirement for an artist? Or is the way an artist deals with this, his/her 

own responsibility? The cultural legacy someone wants to use, reuse or abuse (who‖s to 

judge?) has to be respected by the artist, but the artistic result is neither dependent on, 

nor responsible to, this legacy. Is being influenced a sign of respect, or is it a burden you 

have to carry with you as an artist when it comes to accountability? Is it freeware or 

shareware? And do ethnic influences carry a bigger burden than Western influences, if 

Western artists use them? Within this perspective, postcolonial theories are themselves 

an academic discourse, as explained by Michel Foucault‖s (Foucault, 1984) ―blackmails of 

enlightenment‖. For Foucault, a critical attitude should commit us to critically engage 

with history, which is a complex elaboration of our social reality and constantly occurs 

in a state of flux, by which a permanent (re)creation of ourselves in our autonomy is 

needed. This can well be transposed onto the artist. Especially in our glocalized 

societies, where the commercialization of music by (re)production, media and Internet 

(Sabbe, 1996) has led to an unknown level of accessibility to the world‖s heritage, it is 

apparent that an artist is flooded with cultural elements which are partly integrated in 

his/her very own cultural language/idiom. Our musical society has become glocalized, 

making concepts such as emic/etic an outdated framework, liberating us from 

postcolonial fears and accountabilities, but creating a large and complex web of music in 

all its styles and interrelations. Of interest in this perspective is Walter Wiora‖s book of 

the Four ages of music (Wiora, 1963): in the first stage, music was more or less 
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homogeneous, especially in the way cultures began to produce music. This changed in 

the second and third stage because of dispersed social and cultural developments. In the 

fourth stage, however, it all seems to converge due to the nature of global industrial 

culture. About this last stage, Nettl speaks of the intensive imposition of Western music 

and thoughts upon the rest of the world, and mentions the wide scope of possible 

responses that vary in terms of maintaining, preserving, modifying or abandoning their 

own musical traditions. While the impact of Western music was often seen as a potential 

musical death knell, it led to an unprecedented variety in music (Nettl, 1985). The 20th 

century is thereby seen as the most intensive interchange of musical content 

worldwide, an unseen chance for composers, musicians, performers, 

(ethno)musicologists or any hybrid form of these. 
 

 

 



 

 148 

Conclusion 

This chapter gave an overview the artistic results of this dissertation. For each work, I 

tried to summarize the conceptual idea, and to give an inside view that relates to the 

taxonomy. For me personally the axis explicit-implicit influence was the most 

interesting one. Ethnic influence suggests that (usually external) information is a basis 

for inspiration. In the compositions made during this research, I attempted to use 

different compositional approaches and techniques. Sometimes there is an explicit use 

of ethnic elements within my music, at other moments, it is implicit and noticeable only 

to an informed audience. This chapter ended with some insights, each time from 

another perspective: as composer-musicologist, as musicologist-composer, as 

musicologist, and as composer. 
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Conclusion 

The most important contributions of this doctoral dissertation are briefly enumerated . 

General 

Concerning the given research questions, a framework has been established. It contains 

a taxonomy, which serves a specific positioning of musical concepts, especially 

elaborated for pitch and tempo. These definitions were taking into account the 

characteristics of Central African music (Chapter 2). To understand the context of the 

research subject, a detailed chapter about ethnic music was written, containing insights 

and considerations for the developed framework (Chapter 3). The developed taxonomy 

was useful for a better ethnic music analysis, but served as well for the awareness of the 

artist with ethnic influences 

Scientific part: 

Pitch 

-The formulation of the criteria for a computational framework for pitch analysis 

-The conceptual design for a tool for pitch analysis 

-Acceptance of a 4 year research project, for developing the computational framework 

-Development of Tarsos (with engineer Joren Six) with its many applications 

-The analysis of the entire RMCA sound archive by several pitch annotators 

-Individual pitch analyses to gain insight in pitch distribution in Central African music 

-The analysis of pitch evolution in Central African music revealed a shift towards the 

Western pitch classes, and the use of more pitch classes per octave 

 

Tempo 

-The formulation of the criteria for a computational framework for tempo analysis 

-The conceptual design for an experiment to map the potential of computational beat 

trackers compared to human tempo annotations 
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-Comparative experiment with tempo annotation of 70 African songs, by 25 humans and 

by 15 beat trackers 

-The analysis of this set revealed some insights in ambiguity of tempo perception (both 

tempo octaves and binary/ternary relationships) 

-The experiment also showed the potential of beat trackers as tool for tempo analysis of 

non-Western music   

-The analysis of the entire archive of the RMCA by several beat trackers 

 

Global 

Within this research, five A1 articles have been published, 9 conference proceedings 

have been accepted, two book chapters were written, and several lectures were given 

throughout the world. Our software Tarsos is available and can be freely downloaded 

from http://0110.be/. The analysis on pitch revealed new insights in Central African 

music and its evolution. The analysis on tempo gained insights in the potential of using 

computational tempo analysis tools in Central-African music.   

 

Artistic part 

The artistic part of my research connects strongly to my scientific research on 

describing Central-African music. The profound analysis of Central African music gave 

me insights that influenced my artistic work. Mutually, the artistic approach and 

experiment did also gave me insights in the better understanding of the Central African 

music which benefitted my scientific research approach. The artistic part contains 

acoustic and electronic compositions, which allowed me to experiment with very 

diverse approaches and diverse levels of musical descriptors. 
 

-The creation (adaptation) of a taxonomy as a model for reflection as an artist using 

ethnic influences: the possibility to systematically handle musical components, and 

organize on bipolar axes. 

-The artistic part was also strongly connected with IPEM (University Ghent), which has 

led to several cooperations and two different set-ups for including sensors in music 

compositions. One was about manipulating the sound (by harmonization), the other one 

was about algorithmic composition. Both modules were controlled by the gestures of 

the performer wearing the sensors on the body. 

-Existing tools, both hardware and software, gave me interesting tools to experiment in 

electronic music.  

-Our software Tarsos has a component that allows the transformation of a MIDI file into 

a microtonal audio file in any scale. The upload of a predefined scale and a digital score 

resulted in fine microtonal experiments. 

http://0110.be/
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-The building of lamellophones opened many new possibilities for experimenting with 

scales, timbres and also extended techniques.  

 

Global 

Within this research 12 musical compositions have been written. Most of them have 

been performed live, or were presented at diverse events. The recordings can be found 

on the DVD. The compositions range from solo to ensemble work. The duration ranges 

from 1 minute to 13 minutes. The artistic works often contain experimental elements, 

that are for each composition a bit diverse (embodied elements by the use of sensors, 

microtonal compositions, concatenative composition, extended techniques on African 

music instruments, interactivity public-performer). For all the works, the ethnic 

influence was connected to the taxonomy. 
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Figure 74 ―Reality of possibilities‖ (2012) by Noel Cornelis. 
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